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PREFACE.

This work is only what it professes to be,—namely,

an Outline of Physiological Science. That outline,

however, is comprehensive, and embraces the func-

tions of the ultimate tissues and organs of the

body in health and disease. Such, it has always

appeared to me, is the aspect in which Physiology

should be presented to those who desire to connect

it with a scientific practice of the medical art. In

this point of view, I trust the following pages may

be serviceable to many besides those who will

receive them as a text-book for the Author’s

lectures.

JOHN HUGHES BENNETT.

Edinburgh, November 1858.
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PHYSIOLOGY.

The word Physiology, derived from <pucris, nature
,
and

Aoyos, a discourse, means literally the doctrine or the history

of nature, and, strictly speaking, would comprehend a know-

ledge of all the physical and natural sciences. But as

these in the course of time came to be more particularly

studied, they received distinct names,—such as, on the one

hand, astronomy, chemistry, and natural philosophy, and on

the other, mineralogy, geology, botany, zoology, &c. That
science which treats of the functions of living beings, how-
ever, still retained the old name, although even now its

meaning is every day more and more restricted, as other

branches of knowledge become better defined. At present,

by physiology is generally understood a knowledge of vital

actions in a state of health, as distinguished from pathology

(770.60s, disease
), which means a knowledge of the same

functions when unhealthy. Again, the modern term histo-

logy (tcn-o's, a tissue or web), which is limited to an ac-

quaintance with the functions of the elementary textures of
a living body, as distinguished from the study of organs and
organisms, also encroaches upon physiology. Thus, vital

action, as manifested in the ultimate fibre of a muscle, may
be considered histological, as appertaining to elementary
structure

; vital action as exhibited in a group of muscles,
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for the purposes of speech, deglutition, respiration, locomo-

tion, and so on, may be called physiological, as belonging

to the functions of organs ;
and vital action in muscle, as

shown in perversion of those functions during spasm, con-

vulsion, or paralysis, is more properly called pathological.

It must be evident, however, that these distinctions are

altogether arbitrary, and that the three subjects constitute

one study. Thus, our knowledge of muscular action is

derived from an acquaintance with its ultimate struc-

ture and the contraction of its individual fibres, and from

an observation of its diseased conditions. Where health

terminates and disease begins has never yet been settled

;

nay, more, what is health to one man would be disease

in another, just as the degree of strength which is natural

to a delicate frame would be considered weakness in a

strong one. Histology, physiology, and pathology, then,

are closely allied, and are only different divisions of the

same subject ;
the facts of one are available for the study of

all ;
and any theory deduced from this branch cannot be

correct unless in accordance with the data furnished by the

others. We shall therefore employ the term physiology in

the enlarged sense of comprehending the doctrine of hie,

whether in health or disease,-which would, perhaps more

properly be denominated biology (£«*, life\ and avui

ourselves of all the knowledge put within our reach by its

modern investigators.

the doctrine of life in general.

In order to understand the general doctrine of life,wjmust

first attend to the characters of the bodies which manifest it.

These may be arranged under five heads. All

possess —1 . A peculiar arrangement ot matter ,
c.

ized, consisting of a combination of solid and fluid parts,w "c >
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exercise a reciprocal action on each other.—2. Origin from
parents in the form of a germ, which afterwards becomes
separated to enjoy an individual existence.—3. The power
of taking in from, and giving out substances to, the external
world, or what is called assimilation and excretion.—4. The
property of passing through certain definite changes, con-
stituting the ages of a living being.—5. Certain derange-
ments from which they may recover, constituting disease.

These characters are not possessed by inorganic or brute
matter.

Organized or living beings may be further distinguished
from inorganized matters, or such as are incapable of living,

Is*, By their form.—An organized being is of a definite
form, presenting convex or concave surfaces, and bounded
by curved lines. It is of determinate bulk, and invested
by a general envelope. Whereas an inorganized body is of
indefinite form, or of one presenting flat surfaces bounded by
straight lines, such as a crystal. It is of indeterminate bulk,
and without any general envelope. 2d, By arrangement
of parts.—An organized being consists of an aggregation
of heterogeneous parts, each of which bears a certain relation
to the rest. An inorganized body consists of an aggregation
of homogeneous parts, no one of which bears any certain
relation to the rest. 3d, By the substances of which then
are composed.—An organized being is composed of solid
.quid, and aeriform substances conjointly, constituting the
tissues and fluids,—the fluid parts being included within the
S

°r\’ |.

n lnorSamzed body is composed exclusively of a
solid, liquid, or aeriform substance, the particles of whichare merely either superimposed upon, or intermingled witheach other. 4th. By their chemical composition.-^ or-"TY COmP°Sed °f S6Veral dementS

’ assoc iated,at lea*t after the cessation of their vitality, into ternary orquaternary compounds, called proximate principles
, which
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as the result of nutrition, are not capable of being imitated

by art, and which are prone to spontaneous decomposition

An inorganized body is composed but of few eleme ,

associated into binary compounds; which are formed^by

common chemical attraction, are easily imitated artifici >,

and are not prone to spontaneous decomposition.

The eggs of birds and seeds of plants do not possess al

the characters of a living being and yet they live. nc

ace them in conditions favourable for the deve op^o

then- existence, and the, become transformed m«

or plants. Such bodies are regarded as collect,0 f

ganic matter possessing dormant vita piopei ,
’

under certain circumstances, waken up and become •

Numerous efforts have been made to define hie.J
out entering upon a criticism of these, U mg^
they are all fault,. Most authors have fel the 5

of

presupposing some organized structure, the -

whirl is taken for granted in their definitions. Bichat

says “Life is the sum total of the functions which resist

death Treviranus calls it
« The constant uniformity

of phenomena with diversity of external u£uen«. ,

Lawrence sa,s it consists - in the
U the

functions or purposes of organ,zed bod.es .

general result of their exercise;” Duges cab s «
.The

special acti.it, of organized bod.es; and B Or

. anization in action f which last gives us, as far as a .hort

ohrase can, what is understood by life.

P
With regard to the nature of life itself, two opinions

,

&
i 1 1 l That life is an independent entity,

have been held :-!. That hte^
^ ^ tQ us

a vital pnncip e an
the notion that the

from the accents, and , oun s

M Uve> „d

umon of tins p.mc.p c t ^^ ^ collectioI1 of phe-

bigs, dependent par,., on a certain
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structure and chemical composition, and partly on the

existence of external agencies which stimulate them into

action. We do not think it worth while to enter into the

long arguments by which both these theories have been

supported. It is sufficient to say that the latter is the view

which has been adopted by modern physiologists, who be-

lieve that the various tissues pf an organized body are en-

dowed with various properties, some physical and some

vital ; that the latter require what are called stimuli to bring

them into action ; and that a knowledge of the tissues, their

properties, their stimuli, and the forces evolved from them,

is the time method of arriving at just conclusions con-

cerning life as manifested in health, and as modified by

disease. Before, then, we can arrive at a just theory of

life in general, we must acquaint ourselves with the struc-

ture, chemical composition, and vital properties of the tis-

sues themselves.



PART PIRST.

HISTOLOGICAL PHYSIOLOGY.

Histology comprehends the functions, mode of develop-

ment, and chemical transformations of the ultimate textuies

of the body, and has become the recognised basis of our

physiological knowledge since the important generalizations

of Schleiden and Schwann as to the cell theory were pub-

lished in 1841. These ultimate or elementary textures are

only made visible by means of the achromatic microscope,

and have been variously arranged by physiologists. \ e

shall describe them under four heads,—viz., 1st, Molecu e

Tissues ;
2d, Cell Tissues ; 3d, Fibre Tissues ;

and 4th,

Tube Tissues.

MOLECULE TISSUES.

On examining the different textures under high magni-

fying powers, we invariably observe a greater or less number

of molecules and granules. A molecule is a minute body,

presenting optically the appearance of a point or minute

dot. A granule is a larger body, in which we can discover

a centre and an external ring or margin, which are a -

ternateV dark or light according to the focus it is ex-

amined vVith. Molecules may become granules by magni-

fying them, and granules may appear as molecu es by

diminishing the magnifying power ;
so that structurally they

are the same bodies. In composition they may be variou.,
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consisting of albuminous, fatty, pigmentary, or mineral

matter, which maybe determined by the action of re-agents.

In shape they are usually round, although mineral molecules

may be angular or many-sided. They may be isolated and

equally diffused, or collected together in groups or masses.

In size they may be uniform, but more generally vary from a

point scarcely visible up to a magnitude of considerable but

varying size, when they are often called globules, as in the

milk.

Molecular Fluids .—All fluids in which organization is

proceeding, and out of which the higher tissues are formed,

are rich in molecules, as may be well seen among plants in

the embryonal sac and in the extremity of the pollen tube.

The chyle of all animals contains a molecular basis (Gulli-

ver), which gradually becomes cleared up after it has joined

the blood, and perfect blood corpuscles are formed. There

can be little doubt that the floating molecules enter directly

into the substance of nuclei and cell-walls. Molecules are

also numerous in the fluid within cells, sometimes being

the commencement of new germs, at others the deposits of

secreted or effete matter.

Molecular Fibres.—The molecules formed in organic

fluids frequently assume a fibrous arrangement. This is

well observed in mucin, the viscous substance of which

frequently exhibits, especially on the addition of acid, a

multitude of fibres, composed of molecules aggregated end
to end. Similar fibres are formed in the coagulum of blood,

the fibres being deposited as molecules, which rapidly assume
a fibrous arrangement.

MolecularMembrane.—Albuminous fluids may frequently

be observed to contain shreds, which can be spread out
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into a membrane, and are composed of molecules aggre-

gated closely together. Such membranes may readily be

produced artificially by shaking the fluid, adding slight heat,

or mixing them with acids or oil. If a fluid drop of oil and

another of liquid albumen are brought together, a mem-

brane is immediately produced (haptogen membrane of

Ascherson). If the two drops are mechanically rubbed

together, an emulsion like milk —containing granules and

cdobules,—is produced ;
and the latter may readily be shown

to be composed of an envelope of this membrane contain-

ing a drop of oil. Numerous membranes in the amma

body are formed directly by the deposition of albuminous

matter, originally in the form of minute molecules, wine 1

subsequently melt into a homogeneous layer. Amongst

these the substance of cell-walls is perhaps the most im-

portant.

Molecular Movements.—All molecules floating in a fluid

have distinct movements, which were first described y

Robert Brown ;
hence called Brunonian movements. ie5

may be vibratile, circular, spiral, serpentine, or irregular

in character, but seem to be governed by certain laws of

attraction and repulsion, which have not yet been minutely

investigated. In the interior of cells they frequently pursue

certain directions, hence assuming the nature of a circula-

tion, well seen in large vegetable cells. W ithin the sa i-

vary cell they may be seen to move in minute circles, and

present a trembling character ;
in the vibnones so common

in putrid fluids, they are vibratory or serpentine.

The Molecular Theory of Organization.

When we consider that all embryonic forms are developed

from molecular fluids, and that in adult animals all organ-
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izable matter used as food is first reduced to minute mole-

cules, in order that it may become organized, it must be

evident that the primary source of vegetable and animal

forms must be sought in the molecular element. When,

moreover, we know that essentially different fluids, as oil

and albumen, when brought into contact, immediately pre-

cipitate molecules that assume a globular, fibrinous, or

membranous form, and that such a process is facilitated

by numerous chemical re-agents, acids, or alkalies, acting on

albuminous, fibrinous, or mineral solutions, we readily ob-

serve one way in which histological elements may be pro-

duced within the body. Such elements, subject to the laws

of vitality, may be formative elements (histogenetic), whilst

others may be retrograde, and give evidence of vital cessa-

tion (histolytic). Hence the first and last element is, as re-

gards form, the molecular. Organic formative fluids deposit

molecules, which arrange themselves, subject to vital laws,

into nuclei, cell-walls, and higher textures. These, once

produced, subsequently decay in an inverse order, breaking

down into individual fragments, and ultimately into minute

molecules. During the w hole life of an individual organism

we observe in it a constant series of these formations and

disintegrations—of these histogenetic and histolytic actions.

The object of these appears to be the fitting or elaborating,

by chemical and histological processes, organic matter in

such a way as to perform its appointed office in assimila-

tion or excretion. A knowledge of the vital and physical

changes occurring in these molecules, and of the fluids in

which they are formed and dissolved, must evidently not

only constitute the basis of physiology as a science, but must
ultimately form a groundwork for the arts of horticulture,

agriculture, and medicine. It is only by the conjoined

study of histology and organic chemistry that this great

work can ever be accomplished.
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CELL TISSUES.

When we examine the structures of living beings under

high magnifying powers, numerous tissues, but more espe-

cially the fluids, the surfaces of membranes, and the various

glands, are seen to contain multitudes of minute vesicles or

shut sacs, which have received the name of cells. These

have long been recognised with the microscope by observers,

particularly in plants; but their importance has only been

understood since the labours of Schleiden and Schwann

(1841) pointed them out as the elementary form of all organ-

isms. They vary greatly in shape, size, and function, a cir-

cumstance which necessitates some arrangement of them.

We shall divide them into temporary cells and cells of transi-

tion —understanding by the first, cells which do not pro-

ceed further in development than the cell form ;
and by

the last, cells which are transformed into more permanent

textures. A description of vegetable cells belongs to the

science of Botany, we shall therefore here confine oui selves

to those found in animals, especially such as are highest in

the scale.

1. Chyle and Lymph Cells.-These are blood-corpuscles

in an early stage of development, being, for the most part,

free nuclei, only a few having cell-walls around them.

2. Blood Cells.—These are of two kinds, coloured and

colourless. The coloured cells in fishes, reptiles, and birds

are for the most part oval, being largest in reptiles, anc

smallest in birds. They contain an oval vesicle or nucleus,

occupying about a third of their area, which resists the

action of acetic acid, while that agent partially dissolves the

cell-wall, and destroys the dolour. Between the nucleus
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and cell-wall is a fluid of a yellowish tint. In mammals,

wdth the exception of the order Camelidae, in which they

are oval, the blood corpuscles present the form of bi-con-

cave circular discs, smallest in the Napu musk-deer, and

largest in the elephant. They have no included body or

nucleus, and consist of a vesicle containing a coloured fluid.

On the addition of water, they swell out so as to become

globular, and lose their colour ; acetic acid rendering them

transparent and almost invisible. In consequence of their

shape, they readily become piled upon one another in the

form of rouleaux. The colourless cells are globular,

having a finely molecular aspect externally, and a distinct

nucleus, which, on the addition of acetic acid, usually pre-

sents two or three granules. In mammals they are some-

what larger, and in the other vertebrate tribes, smaller than

the coloured corpuscles.

The different corpuscles of the blood originate in the

chyliferous and lacteal system, and are elaborated as the

result of the primary or secondary digestion in the various

lymphatic glands. In the lymphatic vessels and thoracic

duct they are colourless, but the different stages of their

development may readily be observed in chyle, which, in

addition to the two kinds of corpuscles previously described,

contains a multitude of minute molecules, or what is called

a molecular basis of fine fatty particles, communicating to

it a milky appearance. The bi-concave disc is fully formed

in the chyle, and on joining the venous blood of, the

jugular vein, is rapidly conveyed through the heart to the

lungs, where, coming in contact with the oxygen of the air,

its contents become coloured, and communicate its charac-

teristic tinge to, the blood. In the foetus the blood cor-

puscles are formed in the interior of the cells, which are

ultimately changed into vessels, and they are rapidly multi-

plied by a process of fissiparous development.
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The functions of the blood- cells are intimately connected

with the exchange of oxygen and carbonic acid continually

going on between the blood and atmospheric air in the

lungs and in the tissues ; but their especial function is the

further elaboration and preparation of the liquor sanguinis,

or fluid part of the blood, in which they swim and are ulti-

mately dissolved. This contains all the elements of nutri-

tion necessary for every part of the organism, as well as

the effete matters derived from the wearing away of the

tissues. The blood corpuscles, therefore, as the formative

cells of the nutritive fluid of the body, must be re-

garded as the most essential of the constituents of the ani-

mal frame.

3. Nerve or Ganglionic Cells—These cells, of various

sizes and shapes,—simple, bi-polar, or multi-polar,—
are com-

posed of a delicate wall and distinct nucleus, with more

or less granular contents. Their function is to form a

means of communication between the different nerve tubes,

and to evolve that peculiar force which is so essential for

carrying on the motor, sensitive, and mental processes of

the nervous system.

4. Adipose Cells constitute the substance of fats, and

secrete in their interior the oily and oleaginous matters so

necessary, as we shall subsequently see, for various processes

in the economy of all living beings. 1 hey ai e the lai gest

cells in the body, and in shape often polygonal, from ie

lateral pressure they undergo.

5. Pigment Cells present remarkable variations in size

and shape, and are so called from their property ot forming

in their interior, in a fluid or granular form, the various

coloured substances which tint the different textures ol
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plants and animals. This appears to be effected by a

species of vital chemistry, which will be subsequently de-

scribed.

6. Glandular or Secreting Cells.—Under this head may

be grouped together all those cells, various in form, size,

and composition, which have the common function of at-

tracting and selecting from the blood the secretions formed

in different glands. Though allied in the performance of

this common function, they differ with regard to the nature

and amount of the secretion produced, which, so far as can

be determined, is not dependent on the structure, chemical

composition, or connection with other anatomical elements

of the cells themselves. Why some of these cells should

secrete bile, others urea, a third class saliva, a fourth milk,

and so on, is only explicable by attributing to these minute

corpuscles the possession of vital properties, whereby one

attracts and selects from the neighbouring blood-vessels the

materials which it forms into bile, a second such as it

fashions into urea, and so on. No other explanation can be

given of a phenomenon which is an ultimate fact in phy-

siology.

7. The Cells of Transition are those which, according to

the known laws of development, are destined to be trans-

formed into more permanent tissues, in the manner to be

hereafter spoken of, and comprehend,— Numerous em-

bryonic cells observable in the ovum of plants and animals.

2d, Fibre cells ; 3d, Epithelial cells ; 4th, Cartilage cells.

The great end of these cells is, to be transformed into the

tissues formed in various organs, such as blood-vessels,

nerve tubes, fibres, membranes, bone, &c.

8. Pathological Cells .—In the various morbid growths
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which so frequently occur, forming hypertrophies, strictures,

tumours, &c., we constantly find an increased number of

the same cells we discover in the healthy textures. At

other times we find cells which are peculiar to difleient

structural diseases and such as do not occur in health.

These may be denominated pathological cells. Among

these may be enumerated :

—

Pus cells, the foimation

of which in a fluid constitutes the morbid substances so

long known as pus, or purulent matter. 2d, Granule cells

,

so called from their containing a number of fatty granules.

These may be formed in every kind of normal cell, but

occasionally in new cells, as in certain softenings of the

cerebral hemispheres. 3d, Cancer cells, so called from

their frequency in cancerous growths. Ath, A variety of

indefinite corpuscles, the title of which to the denomi-

nation of cells is disputed, such as peculiar diaphanous

bodies found in various morbid products tubercle cor-

puscles, &c.

The Cell Theory of Organization.

A study of the minute bodies to which we have just al-

luded in plants and animals has led to a generalization or

theory, which, although slightly modified since it was ori-

ginally put forth by Schleiden and Schwann, still remains

one of the most important doctrines in biological science.

This theory we shall now give as shortly as possible.

All cells originate in a fluid substance, a so-called blas-

tema (/?Wros, germ), or germ-substance, which, at one

time clear, becomes opaque, from the formation or deposi-

tion of numerous molecules and granules. Several of these

melt together to form a larger body, upon winch there is

gradually produced a delicate membrane that gradually

separates from it, in consequence of the interposition ot
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fluid. After a time, such a corpuscle, or cell, as it is now

called, consists of an external envelope or vesicle (the cell-

wall), the included body upon which it was formed (the

nucleus), and a fluid between the two (the cell fluid). In

the nucleus may frequently be observed one or more in-

cluded granules (nucleoli). The changes which subse-

quently take place in cells thus formed are as follows :

—

ls£, Having reached their full development as cells, they

gradually dissolve and perish, or the cell-wall bursts, liberat-

ing the fluid contents, which constitute a secretion. 2d,

Various matters may be deposited on the interior of the

cell-wall, or in the cell fluid. Thus, albuminous or mineral

matter may be deposited which give to certain tissues un-

usual firmness, as in the fleshy leaves of plants, in the stones

of fruit, and in bone ; or the fluid may become loaded with

albuminous, fatty, pigmentary, or mineral matter, commu-
nicating important properties and striking appearances to

various tissues. 3d, The cell-walls undergo remarkable

changes, and by their union with neighbouring cells form

complex tissues. Thus, by becoming elongated, and sub-

sequently splitting up, fibres are produced; by becoming
elongated and uniting endways to similarly changed cells

while the partitions between them disappear, tubes are

formed
; by throwing out radiating branches, which in like

manner unite with others proceeding from neighbouring

cells, a net-work or plexus of tubes is produced
; and by

becoming flattened while their edges adhere together, mem-
branes are developed. In this manner all the elementary

textures of a living being may be derived from cells.

Mh, Many cells have the power of reproduction, or of’

forming other cells, and this may be accomplished in four

different ways,— (1.) By the cell-wall bursting and liberat-

ing included germs, each of which gives rise to a cell. (2.)
By the nucleus enlarging and dividing into two, each of
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these into other two, anil so multiplying to a certain extent

within the original cell-wall ; (3.) By the cells themselves

dividing into two or more divisions ;
and (4.) By processes

or buds which are thrown out from one part of the cell,

and subsequently separate. These four kinds of reproduc-

tion from cells may be called the exogenous, the endo-

genous, the fissiparous, and the gemmiparous modes of re-

development.

A careful study of the transformations which occur in

different cells must convince us that they possess a life

peculiar to themselves, and perform special functions. They

are born and nourished, and they grow, reach maturity,

decline, and die. They are the organs of secretion as

it is in their interior that all the different fluid and solid

secretions are elaborated, They are the organs of growth,

as they constitute the germs out of which all the tissues

are produced. They are the organs of reproduction, not

only in causing new growth of tissues, but in multiplying

the countless species of plants and animals that we find on

the surface of the globe.

In order that cells may carry out these different purposes,

they must possess different endowments; whilst some

possess the property of storing up in their interior and ela-

borating various substances to form the secretions others

absorb matters which enable them to build up the different

tissues of the organism itself, so as to give it support, ductility,

and firmness. A third kind store up pigment, which gives

colour to the tissues, or accumulate fat for the purposes of

evolution, disintegration, or chemical combustion ; and a

fourth kind, by a modification of nutritive power, are espe-

cially charged with the important office of perpetuating

and multiplying new living beings to take the place of

those which are worn out and the. So long os all thcsr

processes go on harmoniously together, health » preserved.
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But the excess or diminution of these cells in particular

parts of the economy occasion various kinds of disorders

in secretion, nutrition, and reproduction. Lastly, the fluid

part of the blood is not unfrequently drawn out of the ves

sels, and then a new set of cells spring up in it, which, like

pus cells, may serve the purpose of getting rid of the mor-

bid products, or, like cancer cells, propagate it in various

directions to the destruction of the economy.

The conditions or laws which regulate cell life ap-

pear, so far as we are acquainted with them, to be as fol-

lows :— 1st, They must be in a certain relation to a nutri-

tive fluid or blastema
,
from which they can attract and select

the various substances necessary to enable them to carry on

their respective functions. The most active growing cells

are those that swim in such a fluid. In the higher plants

and animals the nutritive fluid (sap or blood) is distributed

throughout the economy by a series of canals. 2 d, A cer-

tain temperature is necessary to cell life, as it will not pro-

ceed below zero or above 145° Fahr. As a general rule,

a low temperature checks, whilst an elevated one is favour-

able to cell growth. 3d, Room for expansion is necessary

to perfect cell formation. Hence they grow most rapidly

and perfectly in fluids or very moist substances
; and when

they begin to press upon one another, or upon unyielding

tissues, their development is checked or destroyed. 4th,

An appropriate lctality has evidently a great influence over

cell formation, and this independent of mere temperature
and the other circumstances referred to. This is well ob-

served in the reproduction of tissues, the new matter thrown
out originating cells, which, as to their ultimate develop-

ment, are more or less governed by the neighbouring struc-

tures. 5 th, Besides these conditions of a general nature,

there is another important one connected with the stiuc-

ture of the cell itself. Thus, if the cell-wall becomes so
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impregnated with mineral matter that liquids cannot pass

through it,—if the cell fluid becomes loaded with al-

buminous, fatty, or mineral substances, or it the nucleus

disappear,—the growth and function of the cell is at once

destroyed. Hence the conjoined integrity of the three

essential parts of the cell,— viz., cell-wall, cell-fluid, and

nucleus, each o'f which may operate on one another, and

on the surrounding blastema, by endosmose and exosmose,

—is essential to its activity.

A knowledge of the cell theory as now explained must

convince us that the most important vital processes in the

economy are essentially connected with the development

of the minute corpuscles, which the microscope now en-

ables us to demonstrate and study with the greatest ease.

Modern investigation, by its means, has thus completely re-

volutionized all our previous notions, and proved to us that

the cell structures of which we have been speaking are

in truth the real agents by which nutrition, secretion, and

reproduction are carried on ;
and by means ot which, in-

directly, all the animal functions are supported, including

even locomotion, sensation, and mental acts. A plant or

an animal is in fact a living creature composed of mil-

lions of corpuscles, the sum total of the lives ot which

make up its own. Fat and bone are living tissues,

which, in like manner, are composed of as many lives as

there are fat and bone cells aggregated together. Pus,

that fluid which surgeons have considered as a deposit or

secretion foreign to the body, and which ought to be let out

as soon as possible, is, like the blood, a living fluid crowded

with multitudes of animal existences, which are born, ive,

and die, as man himself does. Views of this kind must not

only materially modify the notions hitherto attached to the

idea of life, but must satisfy us that in all attempts to sup-

port, restrain, or prolong it, we can only do so scientifically
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through our acquaintance with the structures, on the in-

tegrity of which it depends. Hence a knowledge of the

minute cells in the various organs and tissues of the animal

body, the transformations they undergo in health and dis-

ease, and the conditions necessary for their existence, and

the performance of their functions, is of essential import-

ance to the medical practitioner.

THE FIBRE TISSUES.

A fibre is a solid elongated body, like a thread, and in

living beings exists of various degrees of thickness, varying

from the x« o o o th to the ttVo th of an inch. What appear

to be fibres to the naked eye are in truth bundles of the

true fibres, which can only be made visible by means of the

microscope. The different kinds of fibres which enter into

the tissues are the following :

—

1. Molecular Fibres,—These are best seen in the deco-

lorized clot of blood, whence they may frequently be ob-

served to form in the field of the microscope by the deposi

tion of minute molecules, which assume a linear arrange-

ment, and subsequently melt together to produce a solid

fibre. They vary in thickness from the Xa^th to the

TeVoth °f an inch.

2. White or Areolar Fibres.—These constitute the areo-

lar or connective textures of the body. Thev may run in

wavy bundles, leaving spaces or areolae between them, as
in the so-called cellular tissue of descriptive anatomists.

They may be closer together, and more o‘r less crossed, as
in a fibrous aponeurosis, or greatly condensed and running
in parallel lines, as in tendon and ligament. Their course
may be various and more or less mingled with cells, as in
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fibro-cartilage, or fibrous morbid growths. This kind of

fibre is formed by the elongation and splitting up oi cells

They vary in thickness from the T**th t0 the ***“ ot

an inch.

3 Yellow or Elastic Fibres.—This kind of fibre is yel-

low in colour and highly elastic ;
hence the names it has re-

ceived. It is best seen in the ligamertium nucha or quad-

rupeds, or in the In,amenta sv.bfla.va of man extending be-

tween the laminae of the vertebrae. They form the pnno-

pal bulk of the large arteries, and present under the micro-

scope « curled appearance at them extremities. The fibre

may often be seen to anastomose ;
and are apparently formed

Z elongation of the nuclei of cells. The, » finch-

ness from the oVts^1 t0 lao^ 1 0 an inc

4 Epidermic Fibres.-This kind of fibre is formed from

the splitting up of epidermic cells in various ways, and con-

stitutes the fibrous structure of hair, nail, hoof, horn,

feather, quill, and a variety of epidermic appendages. T ley

vary greatly in thickness.

5. Fon-voluntary Contmcr* Hte.-These constitute

the so-called muscular coat of hollow viscera, and exist in

considerable quantity in the blood-vessels, skin and ms.

Their form is that of ribbon-shaped flattened bands, « no

are made up of an aggregation of spindle-shaperI nucle-

ated cells. They vary greatly in thickness ,n d,fibre

textures.

6 .

SUbSt
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C
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f

divided into solid bundles of fibres, surrounded

byl delicate membrane
(sarcolemma) called the fascicu us.
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The fasiculi are polygonal, and characterized by transverse

lines or striae, which run across them, consisting of alternate

dark and light spaces. Each fasciculus, on being broken

up, may be shown to consist of numerous minute fibres or

fibrillcc, on each of which the same dark and light markings

may be seen. The greatest pains have been taken by mi-

croscopic observers to determine the ultimate structure of

voluntary muscle
;
but beyond arriving at the fact, that the

transverse striae of the fasciculus are owing to the aggrega-

tion of the dark and light markings visible on the minutest

fibrillae, they have not been able to go.

The function of the fibrous tissues is manifold. The

white fibrous or connective tissue unites together various

structures, especially in the form of tendon, ligament, and

aponeurosis. It also offers an elastic medium and support

to the frame generally, protecting the blood-vessels and

nerves. The yellow elastic tissue performs similar func-

tions
;
and in addition, in consequence of its great elasticity,

serves to restore parts after they have been moved by mus-

cular action
;
and hence in various places it supplies an

antagonist force to muscles. The epidermic fibres are use-

ful as a covering and protection externally, besides forming

resisting parts to pressure, and means of offence and de-

fence in numerous animals. The most important property

of the fibrous tissues, however, is that of contractility.

This exists in different textures, which possess various de-

grees of power in having it. called into activity. Thus, it

may be stimulated by cold in the fibres of the bulbs of the

hair, but cannot be excited by mechanical irritation or gal-

vanism. In the veins and arteries, on the other hand, cold

and mechanical irritation operate, but not galvanism
;

whereas this agent, with the others, excites contracti-

tilitv in the iris. Lastly, the capillary vessels, in addition

to the other stimuli, are influenced by mental emotions,
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whilst the fibres of flesh are also brought into contraction

by the mental act of volition.

Theory of Contractility.

The property of contractility in the fibres of a living

being, on the application of a stimulus, is one peculiarly

vital, ^nd unlike anything known in physics. It was sup-

posed that the shortening of the fibre was owing to its being

thrown into a zig-zag, but it is now known to depend upon

its swelling' out laterally, and being shortened longitudi-

nally The property of contractility, however, is not

only exerted in such a manner that, by shortening fibres

as in muscles, and acting upon the bones and joints, it may

induce locomotion. Certain molecular fibres may assume

independent motion, as in vibriones, or in the disintegrated

molecules of putrid animal or vegetable substances. These

bodies, consisting of a fibre more or less long, possess spon-

taneous movement of a trembling or serpentine character,

by which they are propelled through a fluid. Another re-

markable movement is seen in the lashing of hair-li e pro-

cesses, shaped like a sabre, which are called cilia, and

which cover the mucous surfaces in many parts o t le ani-

mal body. The peculiar movements of a spermatozoid, in

the spermatic fluid, is another example of contractile fibrous

motions. In the attached stalk of the vorticelte, the fila-

ment may be seen to assume a spiral form when called int

action. Many cells, also, may be seen to enlarge and con-

tract suddenly or slowly, while others contrac irregularly,

throwing out processes, and thereby continually changing

their form, as in the Ainceha.

The view originally put forth by Haller as to the exp -

nation of contractility was, that it was a vital power in-

herent in the tissues which possess it ;
in short, an ultimate
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fact in physiology ; a view which is supported by all that

is now known of the subject. It has been maintained,

however, by others, that muscular contractility is not so

much inherent in muscle as it is dependent on the nervous

system. But this opinion is negatived— ls<, By many inge-

nious experiments, and especially some by Dr John Reid,

who, having removed a portion of the sciatic nerve in a

frog, and then exhausted the contractility of the muscles of

the limb by powerful repeated galvanic shocks, found that

contractility returned after a period of repose ; 2d, By
the observations of isolated fasciculi of muscle under a mi-

croscope, which have been seen to contract when entirely

separated from nerve ; and, 3d, By the fact, that individual

cells, and even some parts of plants, contract, which have

no nerves. The true agency of nerves in muscular parts

is not to give them the property of contractility, but to sub-

ject it in various ways to the dominion of the acts and feel-

ings of the mind.

THE TUBE TISSUES.

The tubular tissues are distinguished from hollow viscera

by their simple structure, and from fibres by their being

composed of distinct walls with contents. The principle

forms are as follows :

—

1. Air Tubes .— 1 he structures of plants, and many of the

inferior tribes of animals, contain tubes for the transmis-

sion of air which are characterized by a deposition in their

interior that assumes the form of a spiral
; of bars like a lad-

der (sculariform) ; or of a reticulated or dotted structure.
I hey are formed by the apposition of cells end to end, the
partitions disappearing after the deposition of the spiral or

reticulated substance on the inner wall of the cell has been
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produced. In the higher animals the air tubes are larger

and more complex, terminating in blind expansions 01

air vesicles.

2. Blood Tubes.— In this system we may comprehend

the chyle and lymphatic as well as the capillary vessels,

which, with the more complex substance of the arteries

and veins, constitute the circulatory apparatus in animals.

Simple ducts and tubes perform a similar office m plants.

The arterial, venous, and lymphatic vessels resemble hollow

viscera in having several coats, composed of areolar, elas-

tic, and non-voluntary contractile tissues. The two former

are most abundant in the larger vessels, the latter in the

smaller arteries. The capillary or minutest blood-vessels

are just large enough to enable the blood globules to pass

through them in single file. They are composed of a deli-

cate membrane, with nuclei scattered here and there

through them, and are formed originally from cells which

coalesce with one another by processes or branching pro-

longations. The smaller arteries and veins are highly con-

tractile ;
and though it has been much disputed whether

the capillaries are so, we have little doubt, from carefu ob-

servations and measurements, that such is the case.

3. Dental Tubes—These are found in the ivory or den-

tine, such as occur at an early period in the enamel being

filled up by mineral matter to communicate increased den-

sity and hardness to that tissue.

4 Nerve Tubes.-Nervous matter is principally composed

of tubes, which are largest and most symmetrical in the

cerebro-spinal nerves, smaller but ampullated in the spinal

cord, and smallest of all in the brain, where they giadually

diminish in calibre towards the convolutions of the cerebia
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hemispheres. The tube itself consists of an extremely

delicate membrane externally, inside which is an albumin-

ous layer, constituting the wall of the tube, called the white

substance of Schwann, and this contains an oleo-albuminous

fluid ; in this there may sometimes be seen a slightly fibrous

structure, called the band of Remak, or the axis-cylinder of

Purkinje. The wall of the tube is characterized optically

by possessing a double line, with a clear space in the centie ;

and on breaking it up, it unites so as to form globules of

various sizes, also distinguished by the double outline.

The cause of the swellings or ampullae in the spinal and

cerebral tubes has been ascribed to the greater weakness of

the investing membrane, and has been supposed to be a

•post-mortem phenomenon. Towards the circumference of

the body these tubes terminate in loops. Throughout the

body they form numerous connections, through the medium

of the nerve cells, with one another, or with various parts

of the nervous system. Their mode ef termination in the

gray matter of the brain has not yet been traced.

The general function of all the tubular tissues may be

said to be that of conduction : the air tubes convey air,

the blood tubes distribute the nutritive fluid to all parts of

the economy, the dental tubes serve also as nutritive chan-

nels, and the nerve tubes conduct the nervous influence.

Theory of Nervous Conduction.

The nerve tubes possess a vital property, named sensi-

bility or excitability, by virtue of which, when irritated, an

influence is generated in the irritated or excited part of the

nerve tube, and transmitted in certain directions with elec-

tric-like velocity. The rapidity with which this is effected

negatives the idea that nervous influence travels in the in-

terior of the tube with the contained fluid. It has been
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supposed that some vibration may be communicated to such

fluid ; but in fact we are as ignorant of the mode in which

the nervous influence travels along a nerve tube as we are

of the manner in which galvanism is conducted by a metal-

lic wire. Some nerve tubes only conduct the influence of

impressions from the circumference to the nervous centres

;

others only from the centres towards the circumference.

From the circumstance, that some nerves only consist of

the former, which, by communicating with the brain, give

rise to sensations, they have been called nerves of sensa-

tion ; whilst such nerves as only consist of the latter, and

terminate externally in the muscular system, have been

called nerves of motion. Most of the cerebro-spinal nerves,

however, are composed of both sets. On tracing a nerve

into a ganglion, or a mass of nerve cells, its component

tubes separate and pass through it in different directions, in

consequence of which an interlacement of them takes place

in different directions, and the nerves which emerge from

it result from a new combination of tubes, different from

those which enter it. The result of this arrangement is,

that the impression may be conducted in various ways from

one centre or more to another, producing those endless

combinations of mental, emotional, sensitive, and motor

effects which are produced in the animal frame. These we

shall describe more particularly hereafter. In the mean-

time we may say, that a nerve tube may be excited by

psychical or physical causes, the former originating probably

in the nerve cells of the brain, the latter from direct pressure

or other mechanical causes. As a result of this excitation,

a something is generated which, for want of a better term,

we call an influence. I his influence is then transmitted in

various directions, according to the peculiar endowment and

anatomical distribution of the tubes excited, occasioning, if

they reach the brain, sensation ;
if the muscles, motion ;

if
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the various glands, an increase or diminution of their secre-

tions
;
and if the blood-vessels, contraction or enlargement

of their calibres.

Such are the four great elementary textures of living

beings, on the integrity of which are dependent the im-

portant vital endowments of growth, contractility, and

sensibility. If among these we search for a primary ele-

ment out of which all the others are evolved, we may place

it in some primitive cell, although this, so far as we can

determine histologically, is derived from molecular matter,

and this in its turn from an organic fluid. An extensive

knowledge of the tissues must convince us that the molecule

is the primary, as it is the most simple form, and that an ag-

gregation of molecules may even form fibres and membranes

without the agency of cells at all. Again, they may com-

bine so as to form nuclei ; that is, simple closed vesicles

containing a fluid, as in the bi-concave blood-disks of the

mammal, which never proceed further in development.

Upon nuclei so produced, however, cell-walls may be

formed ;
and as a result of these, the various secretions

and textures, as previously explained. Still, the molecule,

and not the cell, seems to us to be the primary form ; and

it would appear, as we shall afterwards see in speaking of

reproduction, that the successive elaborations which matter

undergoes takes places by successive formations
(
histogene-

tic) and disintegrations
(
histoli/tic

)
of elementary molecules.

But before we can rightly comprehend the philosophy

of the formative process, we must attend not only to the

form, but to the chemical changes which organic matter

undergoes during the successive transformations that take

place during the growth and decay of living beings. This

leads us to a short discussion of what is known with regard

to organic chemistry.
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PHYSIOLOGICAL CHEMISTRY.

Of the sixty-two elementary substances known in nature,

only twenty are found in organized beings, of which eleven

are non-metallic, and nine metallic. I he non-metallic

elements are oxygen, hydrogen, carbon, nitrogen, phospho-

rus, sulphur, chlorine, fluorine, iodine, bromine, and sili-

con. The metallic elements are potassium, sodium, calcium,

magnesium, aluminum, iron, manganese, copper, and lead.

Of all these, oxygen, hydrogen, carbon, and nitrogen may

be regarded as the most essential, and as the basis of all

organic matter. Phosphorus enters into the composition

of albumen and fibrine, is solidified in the bones in the

form of phosphate, and is also found in cerebral substance.

Sulphur is necessary to the constitution of albumen, fibrine,

and of caseine, and has been found largely in bile. Iron

enters into the constitution of the blood. Calcium, in the

form of lime, is united with phosphoric and carbonic acids

in the skeleton, and in the covering of cretaceous animals.

Sodium, in the condition of soda or of common salt, gives

alkalinity to the humours and fluidity to the blood. Po-

tassium has similar properties. Chlorine, existing in hydro-

chloric acid, forms part of the gastric juice ;
and fluorine

lias been found in milk and blood. 1 he othei substances

are only occasional or accidental, and appear to depend

upon peculiarities in the kind of food in animals, or soil in

vegetables.

According to a beautiful generalization of 51. Dumas,

an animal should be regarded, in a chemical point of view,

as an apparatus of combustion, which incessantly returns to

the atmosphere carbonaceous matters in the shape o! cai-

bonic acid, hydrogen as a constituent of water, and flee
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azote in the form of oxide of ammonium. In shoit, from

the animal kingdom as a whole there is continually given oh

carbonic acid, watery vapour, and azote. Vegetables, on

the other hand, absorb and fix these substances, letaining

the carbon and hydrogen, and setting free the oxygen.

They also abstract azote directly from the aii,oi indiiectly

from oxide of ammonium or nitric acid. Vegetables for

the most part form organic matter under the influence of

solar light. They pass ready formed as food into the

bodies of animals, which, during their life or alter their

death, restore them to the atmosphere from which they were

originally derived. Thus the animal kingdom is an appa-

ratus of combustion, the vegetable kingdom an apparatus ot

reduction ;
the one produces the elements which the other

consumes ; so that, in the language of Dumas, they are the

“offspring of the air.” They come from the atmosphere,

and return to it again.

The various mineral matters which enter into the con-

stitution of living beings exhibit the same dependence

which animals have upon vegetables, and these, again, upon

inorganic matter. They simply pass through living beings,

as it were, to serve certain important purposes in the scheme

of life. Let us take lime and sulphur as examples. Rain

water, loaded with the carbonic acid of the air, falls upon

calcareous hills, and carbonate of lime, in a state of solu-

tion, enters rivers, and is by them carried to the ocean,

where it is seized upon by millions of animals, and con-

verted into their external skeletons or shells. The water

of rivers and springs also is absorbed by plants and drank

by animals ; and so lime enters into their substance, and is

converted into various salts of that basis, such as oxalates,

tartrates, phospjhates, &c. Phosphate of lime is the prin-

cipal element of the bones, besides entering more or less

into the constitution of the other tissues of the superior
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animals, which are continually excreting as well as assimilat-

ing it. Lastly, on their death, the lime is dispersed in vari-

ous ways ; even the bones crumble to pieces ; and so the

mineral returns to the soil from whence it came. Sulphur

passes from one region to another in a similar manner, from

the sea, which contains sulphur in large quantities, to the

atmosphere, thence to the soil, and thence to plants and

animals, from whence it again returns to the bosom of the

ocean.

These incessant exchanges between the soil or atmo-

sphere, plants and animals, have been laboriously worked

out by M. Dumas, and constitute the theory now known as

“ the chemical balance of organic nature.” Liebig, how-

ever, has shown that an animal is not the mere con-

sumer of the organic principles elaborated by vegetables.

There can be little doubt that, whilst this is done to a great

extent, an animal may also produce them ;
for instance, it

can transform, by a vital chemistry of its own, one principle

into another, such as albumen into fat, sugar into oil or

dextrine, and so on. It is only by a knowledge of this

fact we could understand those remarkable degenerations

which recent researches have shown us constitute so large

a proportion of the organic diseases of man and animals.

The chemical proximate principles which are of such

paramount importance in constituting the substance of

living beings may be divided into four groups,—namely,

1st, The albuminous ; 2d, The fatty ; 3d, The pigmentary ;

and 4tli, The mineral principles. All these are more or

less associated together in every texture and fluid, but some

abound in one, and others in another, giving to each pecu-

liar characters.

Albuminous Principles.— These consist ot albumen, fib-

rine, and caseine. Gelatine and chondrine arc also allied
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to this group, although chemically they exhibit some marked

differences from the others. Albumen, fibrine, and caseine

also contain sulphur, and the two former a minute quantity

of phosphorus ; otherwise, their relative proportions of

carbon, hydrogen, nitrogen, and oxygen are the same.

Albumen forms the white of eggs, and occurs in large

quantity in all the animal fluids that contribute to the nutri-

tion of the organism. It is also found in most of the ani-

mal solids, and in nearly every morbid product. Fibrin

forms nearly the whole substance of the muscles, but exists

in small quantity in the blood. Caseine constitutes the chief

ingredient in the milk of Mammalia. Gelatine is obtained

by boiling animal membranes, skin, tendon, and bones,

which yield a substance that on cooling becomes semi-

solid, and if dried, hard and brittle. Common glue and

isinglass represent this substance in different degrees of

purity. It is apparently formed from the albuminous tissues

by the action of boiling. The various albuminous prin-

ciples now spoken of constitute the basis of the animal

frame. They form, when coagulated, the walls of cells and

the substance of fibres, tubes, and membranes. In solution,

they are for the most part precipitated by acids and by oil,

especially albumen ; and when recently solidified, are again

partially dissolved by acids. The partial solubility of albu-

minous cell-walls and fibres enables the histologist to de-

tect them with great ease under the microscope.

Fatty Principles .—Fatty matter may exist in living

bodies under four conditions,—namely, free, saponified,

non-saponifiable, and as a fatty acid. Chemically these

consist of carbon, hydrogen, and oxygen, in various pro-

portions
;
and hence have been called non-nitrogenous sub-

stances. In this respect they are analogous to starch, gum,
and sugar, from which, apparently, they may be readily
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formed by a process of deoxidation. I here can be no

doubt, also, that fat may be produced from albuminous sub-

stances by a chemical process of a like nature ; for muscles,

if rendered inactive in the living body, become fatty, and

if after death they be exposed to a stream of running water

under certain conditions, they are converted into adipocere.

The healthy growth of the living tissues depends essen-

tially on the union of the albuminous and fatty principles,

and the constant chemical exchanges which are appa-

rently taking place between them. The development ot

a young animal from an egg is a good illustration of this

fact. It contains only albumen and a yellow fat with some

traces of iron. Yet we see in the process of incubation,

during which no foreign matter except atmospheric air

can be introduced, that feathers, claws, blood-corpuscles,

fibrin, cellular tissue, and vessels are produced. Moreover*

the mere union of albumen and oil, under certain conditions,

is apparently sufficient to produce those elementary mole-

cules out of which all cells, as well as the molecular con-

stitution of the chyle, are formed. The importance of

this fact in nutrition and alimentation will be pointed out

hereafter.

Pigmentary Principles.—The various tints communi-

cated to the textures of plants and animals are dependent

on two causes. First, the formation of a coloured secre-

tion in the interior of cells, which may present a fluid or

„ranular form, and the exact chemical constitution of which

has hitherto been little studied. Secondly, refraction of the

rays of light, in consequence of a grooved structure more

or less covered with fatty particles, as in the brilliant re-

fracting wing-cases of insects, featheis of birds, an in tie

tapetum of the choroid membrane. The pigment secre

tions are evidently allied to the oily constituents in living
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beings, are more or less dependent on light, heat, and ex-

posure to the atmosphere, and are also influenced by the

nature of the soil in vegetables and of food in animals.

Mineral Principles.—These are carried into the body of

men and animals, combined with acids, partly in their food

and partly in their drink. There they are acted upon in

various ways, either by chemical changes induced in them
by contact with other salts, but more especially by the

oxygen of the atmosphere, which, entering the blood and
coming in contact with all the tissues and fluids, is con-
tinually forming new affinities and combinations. The
most important salts which enter the body are those of
lime. Phosphate of lime forms the bulk of the bones and
of teeth. Carbonate of lime is more abundant in the fluids

And bones of graminivorous than of carnivorous animals.
It also constitutes the principal part of the skeleton in the
Invertebrata. Both salts enter the economy in the way re-
ten ed to, become dissolved, and find their way into the
blood, and from it are deposited in the organic matrix of
bone or cartilage, to give it firmness. Indeed, bones may be
regarded as cartilage loaded with phosphate and carbonate
of lime. In plants, and some of the lower forms of animals,
silicious salts are deposited in like manner, to form a skeleton
of the texture. In every case the mineral solution infil-

trates a cell structure; so that, on afterwards becoming
solid in consequence of the disappearance of the water*
an organized form is communicated to mineral matter,
as in the silicious epidermis of the grasses, the shells
of the Mollusca and Crustacea, and the bones of mam-
mals. During life, the mineral, like the animal constituents,
are continually undergoing changes, new particles bein«r
deposited from the blood, while the old ones are absorbed
and excreted. Hence the mineral substances necessary for
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the textures must not only exist in aliment, but are con-

stantly found more or less changed in all the secretions am

excretions. ,

The transformation of cartilage into bone offers the best

illustration of the physiological importance of the minera

principles. In the embryo and young subject we find that

the skeleton is for the most part made up of cartilage or

gristle. This is a white elastic substance, composed struc-

turally of nucleated cells embedded in a hyaline matrix. At

certain points in embryonic cartilage, called points o ossi-

fication, it is observed that the cells arrange themselves

sometimes in groups, at others in lines, and that the minera

matter is deposited in the hyaline substance between them

The cells then unite and break down to form spaces, which

are filled with organic molecular matter, out o w nc \

blood-vessels and fibrous substance are developed. I hese

line the spaces that now receive the name of Haversian

canals or cancelli, according to their form, and anastomose

with one another. From the blood-vessels so produced there

is now constantly poured out material which is deve ope

into nucleated cells, that become impregnated with phos-

phate of lime, and these, growing from the vascular sur ace,

produce that regular concentric structure of calcified bone-

cells, with laminae and canaliculi, which characterize osseous

texture.

GENERAL PROPERTIES of LIVING BEINGS.

Bavin* now described the elementary forms and chemi-

cal constitution of the textures of living beings, and seen

that they possess peculiar endowments, we may next m-

• l the o-eneral properties which they present. On
qu“e >nto t 0 p

divide them
considering the nature of these, we may at

, vi7 1 of Those which are reducible to

into two classes, viz., i«,
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the laws of physics ; and 2d, Those which, in the actual

state ofscience, cannot be so reduced, and which therefore we
call vital. The history of physiology exhibits a long series

of struggles between the physicists and the vitalists, and
we must confess that, in proportion as the vital functions

have been encroached upon, so science has advanced.
Thus the production of animal heat, and the processes of
digestion and respiration, though formerly considered to be
vital phenomena, are now known for the most part to be
chemical. It is of the utmost importance, therefore, to as-

certain what are physical and what are vital phenomena in a
living body, not only that we may avoid confounding one
with the other, but in order that we may know in what
manner the vital functions may be best investigated.

Physical Phenomena of Living Beings.—We observe
in the various kinds of living beings phenomena altogether
physical, but which are essential to its existence : among
these may be mentioned elasticity

; gravity
; hydraulic, opti-

cal, acoustic, and chemical phenomena; imbibition
; and en-

dosmose. The importance of this last, in a structure com-
posed of membranes through which fluids are continually
passing, must be evident. The cells out of which, as we
have seen, most of the tissues are formed, present a mem-
brane admirably adapted for the phenomenon of endosmose,
and there can be little doubt that it is constantly operating
m these bodies. Again, the absorption of fluid from the
stomach and intestinal canal through the mucous mem-
brane, and the processes of absorption and exhalation
generally, must be connected with endosmose. Living
beings are also subjected to the physical influences of
caloric, electricity, and light from without, which operate
upon them much in the same manner as they act upon
matter in general.
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Vital Phenomena of Living Beings.-Although many

functions in vegetables and animals could not be explaine

without physics, there are scarcely any which can wholly e

accounted for by mechanical or chemical principles, and

thus to the most physical act there are peculiarities super-

added in living beings which our present knowledge does

not enable us to fathom. The properties of growth, of

reproduction, of contractility, and of sensibility are so

broadly distinct from anything as yet known to be mecha-

nical, electrical, or hydraulic, as at once to evince the

existence of something in connection with living beings

alone, which we call vital. When, therefore, we employ

this term we only mean that it characterizes certain phe-

nomena which in the present state of our knowledge can-

not be accounted for by physical science, and which, being

found only in living beings, are consequently vital.

Physical and Vital Forces.-ln studying the different

phenomena, whether physical or vital, physiologists are in

the habit of using the term force much in the same manne

that it isused by the general cultivators of science : mechanics

has its forces, such as that of the lever; chemistry has

forces, like that of affinity ;
and physical science has its forces,

like that of attraction. Physiology has also its forces.
_

been supposed that in the same manner as we have physi-

cal attractions and repulsions, so we have vital att.act.ons

and repulsions. Then we have contractile, nervous and

-rerminative forces. The idea of force, whether in physics

or physiology, as explanatory of phenomena, must be re-

garded only as theory, as a mental creation, which we em-

ploy as a convenient term to satisfy that intense desire of

arrivin' 1' at definite causes which is instinctive in man. On

the other hand, it is often employed to express-jwto
mav be demonstrated and often measured. In this



GENERAL PROPERTIES OF LIVING REINGS. 45

it is as applicable to the action of a stomach or of a liver

as it is to that of an electric telegraph or a steam-engine.

According to Mr Grove, the physical forces are “ correla-

tive,” or have a relation of mutual dependence, each being

capable of producing any one of the rest, either directly or

through the medium of some other. Thus, the motion

of a body retarded by friction gives rise to heat ; and, con-

versely, heat applied to any form of matter produces its ex-

pansion,— that is, motion. The friction of two dissimilar

bodies produces not merely heat, but electricity ; and heat

itself, when made to act on certain combinations of me-

tals, also produces electricity ; whilst on the other hand,

the electric current may produce heat, light, magnetism,

or motion, according to the nature of the substances

through which it is transmitted. Light, heat, and elec-

tricity, again, are closely related to chemical affinity, which

is often specially excited by them, and which can in its

turn generate these forces
; a material substratum being

required in both cases. In the same way, as pointed out

by Dr Carpenter, there may be a correlation of the vital

forces. Thus, as we have seen, the most universal agents

of growth are cells. But some of these produce one
tissue, and some another, having different vital endow-
ments. Thus, cells converted into muscular tissue, ex-

hibit contractility
; those converted into nerve, excitability.

Here also a certain substratum or material substance is

requisite for the conversion of one force into another.

Then, as we have seen, there is a certain relation between
the nervous and muscular force : one can call the other
into action in a degree proportional to its own excite-

ment
; and, again, nervous agency is capable of influen-

cing cell-formation in such a manner as to give rise to the
idea that it may be re-converted into the forms of vital

force necessary to evolve cells. Again, heat, light, and
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electricity have long been recognised as excitors or sti-

muli of the vital forces, and these, operating through a

peculiar organized structure, may in fact become vital

forces themselves, just as heat becomes electricity when

it passes through a certain combination of metals. Thus,

vital force may be converted into physical force, and

vice versa, as when we see one set of cells directed to

chemical action, another to mechanical movement, and a

third to produce electricity, as in the case of the torpedo,

or Gymnotus electricus.

It results that the physical and vital forces and pro-

perties are intimately united in a living body, and that

the activity or life which it exhibits is the sum of those

phenomena which we observe in it. When therefore we

use the term life, we simply mean that an organized sub-

stance is possessed of certain properties partly peculiar

or vital, and partly physical, which, when acted upon by ap-

propriate stimuli are competent to give rise to that series

of actions in which life consists. We are as ignorant of

the true nature of physical as we are of vital properties.

It is from the effects alone that we infer their existence.

Hence, if one substance exhibits- the property of combus-

tibility, it burns ;
if another, on being stretched, returns to

its original size, it is elastic ;
and if a third presents growth,

involving assimilation and excretion, it lives.



PART SECOND.

NORMAL OR HEALTHY PHYSIOLOGY.

Having now ascertained the vital properties and chemical

constitution of the elementary textures of the animal body,

we have next to describe what is known of the functions of

its more complex organs. These have been variously

divided by physiologists ; but we shall speak of them under

three heads,—viz., ls£, Function of Nutrition ; 2d, Function

of Innervation
;
and, 3c?, Function of Reproduction. The

first of these comprehends all those processes called di-

gestion, assimilation, circulation, respiration, absorption,

secretion, excretion, &c., which are directed to building up,

supporting, and removing the various textures of the body.

The function of innervation comprehends those processes

connected with locomotion, sensation, and thought or intel-

lect ; the third-named function, such as are necessary to

the reproduction and development of the animal. The
three functions are in the higher animals so mingled to-

gether that they are with difficulty separated from one

another, although in the lower organisms we find that inner-

vation gradually disappears as we descend in the scale. Not-
withstanding this intimate union with, and dependence on,

one another, we must study in the first place the laws by
which each seems to be governed.
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\
\ (Modified from Bernard.)

A. (Esophagus.

B. Lungs.

C. Vena Cava.

D. Liver.

E. Stomach.

F. Spleen.

G. Receptaculum Chyli.

H. Pancreas.

I. Duodenum.

J. Entrance of Biliary and Hepatic Ducts.

K. Jejunum.

L. Ileum.

M. Caecum.

N. Colon.

O. Rectum.

P. Kidneys, with the Super-Renal Capsules above.

R. Urinary Bladder.

S. Thoracic Duct, through which the chyle passes to join the
blood.

I. Parotid Gland.

2. Salivary Gland of Nuck.

3. Sub-maxillary and other Salivary Glands.

4. Jugular and Subclavian Veins.

5. Situation of Thymus and Thyroid Glands.

6. Entrance of the Thoracic Duct into the left subclavian vein,
near the jugular.

7. Left Auricle.

8. Right Auricle.

9. Left Ventricle.

10. Right Ventricle.

11. Gall Bladder.

12. Vena Portae, which conveys blood from the intestines to the
liver.

13. Mesenteric Glands.

14. Lymphatic Vessels.

15. Lacteal Vessels.

16. Branches of the Portal Vein.

17. Ureters.
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FUNCTION OF NUTRITION.

Instead of treating of nutrition as one of many functions,

and especially as only comprehending what refers to the

reception and assimilation of alimentary matter, we prefei

regarding it as a great compound process, for which many

acts are necessary, and all of which combine to keep up

the nutrition of the economy. We may consider it as

consisting of five stages,—viz., ls£, The introduction into

the stomach and intestinal canal of appropriate alimentary

matters ; 2d, The formation from these of a nutritive fluid,

the blood ;
and the changes it undergoes in the lungs

;

3d, Passage of fluid from the blood to be transformed into the

tissues ;
4th, The disappearance of the transformed tissues,

and their re-absorption into the blood ;
5th, The excretion

of these effete matters from the body in various forms and

by different channels. We believe that it is only by un-

derstanding nutrition in this enlarged sense that we can

obtain a correct explanation of the dependence of one

process upon another, as well as of those important affec-

tions which may appropriately be called diseases of nutrition.

We shall therefore treat of these stages separately, the

whole of which will be more readily comprehended by a

study of the diagram (page 48), representing the different

parts concerned in the nutritive function of a dog.

Stage I.—Introduction into the Stomach and Intestinal

Canal of Appropriate
Alimentary Matters.

Aliment.—Food of every variety, when analysed, is re-

solvable into four elements,—viz., carbon, hydrogen, oxy-

gen, and nitrogen, combined with certain minerals ;
and we
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have previously seen that in the great balance of organic

nature, whether in the atmosphere, in water, in plants, or in

animals, they play the chief part. The chemical constitution

of plants and animals is exactly the same ; and hence the

necessity which modern science has elicited for the food

derived from one kingdom of nature being composed of

those elementary substances of which the bodies to be

nourished in the other kingdom are themselves made up.

The proximate principles, however, which contain these

may vary under different circumstances, such as a hot or

cold climate, or a peculiar constitution of body,—carnivorous

or herbivorous, for example. In all cases, however, the

demand for food is regulated by the waste of the tissues ;

hence the processes of growth require constant supply, and

this is increased or diminished by the state of the respiration

and the amount of bodily or mental exertion,—circumstances

which induce loss of force and of texture.

In endeavouring to ascertain what are the best kinds of

food requisite for meeting the demands of supply, attention

must be paid to the following circumstances :

—

1st, The
chemical principles which enter into the constitution of the

living being to be nourished
; 2 cl. The mode in which

these are combined to form tissues and organs ; 3c?, The
atmosphere which surrounds it ; and 4th, The amount
of waste produced, as, for instance, amongst men variously

employed.

1. W ith regard to the first point, we have seen that the

chemical principles which enter into the constitution of a
living being are the albuminous, the fatty, the pigmentary,
and the mineral. The pigmentary may here be excluded
from consideration, or regarded as a modification of the
fatty

; so that we may consider, in reference to dietetics,

that the essential constituents of the animal frame are the
albuminous,-^he fattys and the mineral principles. No one
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of these groups alone will serve to keep up nutrition in an

animal body. They must be all united ; a fact which has

been clearly demonstrated by numerous experiments of

Magendie. He fed dogs upon sugar, oil, gum, or butter

alone, and found that for one or two weeks they did very

well, but after that, became weak, and died on the thirty-

second or thirty-sixth day. When they were fed on white

bread and water, they lived fifty days ;
when on cheese

and white of egg, they lived longer, but became feeble,

emaciated, and lost their hair. More recent experiments

by Edwards and Balzac have shown that a diet of bread

and gelatine is insufficient, producing death after emacia-

tion, without appreciable lesion. A little addition of brown

soup, however, renders bread and gelatine highly nutritious.

Hence it is always necessary to associate a proper mixture of

albuminous and fatty principles, in which the mineral enters

as a constituent part. Of all the articles of food, human

milk appears to be that which contains the three essentia

substances in the best proportions. A like result may be

obtained by mixing other articles together, such as fat pork

with veal, potatoes with beef, and rice with mutton or fowl.

Again, stuffing is generally added to ham and veal, bacon

to beans, ham to fowls, and so on. The addition of butter

to bread is the almost universal food of the nursery. Man-

kind have for the most part adopted these rules instinctively.

Persons who feed principally on flesh prefer it fat ;
and

those who live largely on vegetables, as potatoes and rice,

take considerable quantities of milk. The same result is

obtained by the use of fermented liquors. Hence bread

and wine constitute a diet resembling milk m chemical

constitution. It is not mere nitrogenous or non-mtroge-

nous kinds of food, however, that will serve for nourish-

ment, as is theoretically supposed by chemists, do form

tissue, these chemical constituents must be converted into
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albumen and oil, so as to produce those elementary mole-

cules found in the chyle, and which constitute the formative

substance out of which nuclei and cells are developed. An

unacquaintance with this histological truth has been the

cause of much error in dietetics. The mineral elements

necessary for nutrition, especially the salts of lime, potash,

soda, and iron, constitute the ashes obtained by incineration

from all articles of food, and are, as we have previously

explained, as essential to the animal frame as the fatty and

albuminous constituents.

2. With regard to the manner in which the essential

constituents of food.are combined to form tissues and organs,

we have seen that the three groups of principles are neces-

sary to every texture. There are some, however, which

abound in one, and some in another. Thus the fibrous tis-

sues abound in albumen, the glandular organs in fat, and the

bones in mineral matter. Whenever fluid albumen and fat

are brought in contact with one another, the former is pre-

cipitated in a membranous form, and if the two are mingled

together by trituration, they assume to the naked eye the

appearance of milk or of an emulsion. This is owing to

the formation of multitudes of particles such as are found

in milk, composed of a delicate vesicle of albumen, contain-

ing a minute portion of oil. Such, also, is the invariable

structure of all blastemata, or nutritious fluids ; and hence

the necessity of bringing fluid albumen and oil in contact,

—a function performed by the stomach and intestines,—so

that by their mixture together a properly constituted mole-

cular basis be produced, out of which texture may be formed.

3. The atmosphere which an individual breathes evi-

dently exercises an important influence on the nature and
quantity of the diet. If cold and condensed, there is more
oxygen, which will unite with the tissues during respira-

tion, and produce more waste, while greater evaporation
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will take place from the surface ; a larger supply is therefore

necessary, and principally of matter which will rapidly give

rise to carbonic acid. Hence the amount of animal and

fatty food used by northern nations. In them, also, it will

be found that alcohol in all its various forms is used with

the greatest freedom,—’that is, a non-nitrogenized drink,

useful, according to Liebig, as fuel for combustion. In

warm countries, on the other hand, where the air is more

rarified, a vegetable diet, abounding in sugar and starch, is

employed—also non-nitrogenized substances, which, how-

ever, being more slow of digestion, are not so readily con-

verted into matter for combustion. Thus, the non-nitro-

genous kinds of food, as fat, starch, and sugar, by combina-

tion with oxygen, protect the tissues, and produce animal

heat. The amount of oxygen in the atmosphere also ex-

plains how, with an equal expenditure of force in work, a

man requires in summer a less supply of non-nitrogenous

food than in winter.

4. The degree of bodily or mental exercise influencing

the muscular and nervous textures influences the kind and

amount of food. Those who spend their time in either

kind of labour require more food than those who pass

idle lives. This has been proved experimentally in a variety

of ways, and is observable by paying attention to the die-

taries of able-bodied men, such as sailors, as compared with

those of prisoners and of the sick in hospitals. An able-

bodied man requires from 31 to 36 oz. of dry nutritious food

daily, of which 26 oz. may be vegetable. In prisons, some-

what less is required, although even there it is not sate to re-

duce the quantity below 30 oz. daily, as it occasions scurvy.

We can now comprehend some ot the more striking

phenomena of the modes of life and of respiration in man and

animals. Nations of hunters, as well as the carnivorous

animals, require a large quantity of fleshy nourishment
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In violent corporeal activity they decompose their nitro-

genous food into the constituents which serve to be trans-

formed into the tissues on the one hand, and into carbon

and hydrogen, to supply respiration, on the other. Hence

the unquiet and restlessly active habits of the hunter and

of rapacious animals, as well as the extended area for their

existence; circumstances which require a scanty population.

We meet with the other extreme among the nations which

—as in the East Indian races and the Negroes—live wholly

on rice, bananas, or similar vegetable substances, in which

little nitrogenous matter exists. Hence the enormous quan-

tity which these nations are forced to take in order to extract

the necessary amount of actual nourishment for the tissues

and for respiration. In this respect they resemble the

herbivorous animals who pass most of their lives in a state

of nature in feeding and sleeping. In the polar regions,

again, we find an immoderate consumption of fat. Here

man must produce a greater quantity of heat in order to

live, and requires thereto a larger amount of combustible

matter or fuel. For this purpose there could be scarcely

any substance so applicable as the fat of animals, which

principally consists of carbon and hydrogen. Finally, where

the breeding of cattle is carried on, we have a transitional

state, since man here makes use of the domestic animals

to provide himself, in addition to meat, with the substances

devoid of nitrogen, in. the constituents of milk and the rich

fat they furnish, which is almost wholly absent in wild

animals. In this manner a skilful agricultural people leads

the most judicious life, mingling nutritious substances in

the same proportion as nature has mixed it for the suckling

in milk, and deriving them from both the vegetable and
animal kingdoms. For these generalizations we are in-

debted to Liebig.O
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.

Want of solid aliment produces a peculiar sensation

called hunger
,
while want of liquid causes another called

thirst. These are not so much dependent on a peculiar

condition of the stomach or oesophagus as they are upon

the general wants of the system. Voyagers in the arctic

regions have related numerous instances among the Esqui-

maux of men who could devour enormous quantities of

animal food with impunity ;
and other cases are known

where, from habit, persons have survived on surpris-

ingly small quantities of nourishment. Certain animals,

when they are large and fat, fall into a torpid state on the

approach of winter, and continue so until the warmth of

spring returns. During this period they take no iood ;

their respiration is exceedingly slow ;
the blood has rat ler

a o-entle undulation than a circulation, and the trivial losses

which take place are repaired by the gradual absorption of

fat. Hence, at the end of the hybernating season, the ema-

ciation of animals subject to its influence is very consider-

able. Some authentic cases are known of Indian fakir*

who have sustained a complete fast, when in a state of

trance, for from four to six weeks. Under ordinary cir-

cumstances, however, abstinence from food cannot be sup-

ported beyond the fourth or fifth day without danger.

Young animals generally sink more rapidly than old ones.

Of the 150 individuals wrecked in the Medusa, only o

survived after 13 days of starvation i
and some of these

had assisted in eating parts of the dead bodies of the,r com-

panions. One of the most important effects of starvation

to attend to is, that after some days it destroys the power

of digestion itself to a great extent. Hence the extreme

caution necessary in treating such a case. At first only

fluids should be given containing little nutriment,

amount of which must be gradually increased.
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Mastication .—The food must be properly prepared for

the changes it is destined to undergo in the stomach, and
to this end it must be broken down by the action of the

teeth, jaws, and tongue.

A description of the teetli belongs to anatomy. All

that need be said here is, that the incisor, canine, and
molar teeth are organs admirably adapted, in man and
in the inferior animals, for seizing, lacerating, and grinding

various kinds of food. They are fixed in the jaws, which
move about in various directions by the action of the
muscles. Man having a variety of movements, possesses
a very complicated apparatus for this purpose. The tongue
continually gathers together the aliment from below the
dental arches, and when food is of soft material, assists in

crushing it against the palate. To fulfil this function, it

not only possesses great mobility, but is endowed with
tactile sensibility, whereby we are enabled to judge of
the physical qualities and situation of aliment in the mouth,
as well as to push it about continually, and appreciate
the degree of trituration it undergoes. The lips also
being closed, they, with the muscular walls of the cheeks,
assist mastication, in keeping the food in the cavity of
the mouth, and preventing its accumulation outside the
dental arches. As the result of these combined operations,
the food is broken down, the utility of which must be
obvious. All chemical processes, and the action of
solvents, is favoured by division of the matter to be
operated on. Too rapid eating is a common cause of in-
digestion

; and considerable masses of food, if not broken
by the teeth, pass through the digestive canal unaltered,
and deficient nourishment is the result, and this especially
i such masses be principally vegetable, or contain the skins
ot fruits and husks of grain. The nerve principally con-
cerned m all these operations is the motor branch of the

th pmr
’ and severe injury of it destroys mastication.

E
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Insalivation.—The next process the food is subjected

to is a mixture with a peculiar fluid, the saliva. This is a

slightly viscid, transparent liquid, which, on standing, depo-

sits a little flocculent sediment, composed principally of the

scaly epithelium of the mouth and of the nucleated cells of

the salivary glands. (See diagram, 1, 2, and 3.) It contains

an organic chemical substance called ptyahne or salivme,

on which its peculiar properties are supposed to depen .

The food in the mouth constitutes the stimulus for the

flow of saliva ;
and the common expression of the i ea o a

feast making a man’s mouth water shows that the secretion

may be excited by mental emotions. Its uses are, 1st, y

keeping the mouth moist, to favour articulation ;
-d, lo

2 in mastication, it being much mote difficult to break

down dry than moist substances ;
3 d, To facilitate deg u

tion, as it is impossible to swallow dry matters; 4th, To

operate upon certain constituents of the food chemica y,

and although there is great difference of opinion as to how

this is accomplished, it is supposed to act more:
especi y

the starchy constituents, readily converting e »

cose or grape sugar; 5th, Liebig supposes that, owing

dm viscidity of the saliva, air, in the form of froth, is carried

to the stomach, and then yields up its oxygen to unite

with the tissues.

Deglutition.—The food, reduced to a minute pulp by

means of mastication and insalivation, » now earned from

the mouth, through the oesophagus or gullet to the smmach

(diagram A). This is accomplished by a rapid contrac

!io„°of numerous muscular parts, which unite togth^

produce the desired effect by the agency of a ceitam sei e

7„e “s acting through the spinal cord, l-ce -W
staltic (Sio, through, ct«Uu, to coutrac ). »

bolus of food is contained in the antenor part of Use mouth
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it is under the control of the will, but once pushed back by

the pressure of the tongue against the hard palate, to the

posterior third of the tongue, it is involuntarily conveyed

into the stomach. For this purpose, the lips are closed, to

prevent escape of the morsel anteriorly
; the soft palate is

elevated to prevent its passage into the nasal cavities above ;

the contraction and backward action of the tongue presses

the epiglottis over the larynx, which prevents its going into

the windpipe inferiorly ; and thus, no other mode of escape

being left open, the pressure of the various muscles of the

mouth, pharynx, and oesophagus carries it by a continuous

wave-like motion from above downwards towards the

stomach. The cardiac orifice of the stomach then opens,

and it slips through into that viscus.

Digestion in the Stomach.—The stomach is a bag (dia-

gram, E) in which further mechanical and chemical pro-

cesses are made to operate upon the food, in order to fit it for

assimilation or conversion into blood and tissues. The sub-

stance of this bag is composed of a serous membrane ex-

ternally, a muscular coat in its centre, and a mucous layer

internally. The muscular coat is composed of three layers

of contractile non-voluntary fibre, which closes upon the

food, and subjects it to trituration or kneading, whereby the
whole of it is intimately mingled together, and mixed with
the gastric juice. It is also pushed about in a certain di-

rection, moving along the great curvature from left to right,

and then along the lesser curvature from right to left.

These motions continue until the entire mass of food is

broken down into a fine pulp, called chyme, and passes out
of the stomach through the pyloric orifice. The stomach
seems to be more irritable during the period of digestion,
and its contractility more energetic

; so that a stimulus
will operate then which will produce no effect in the in-
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terval, or when fasting. Hence is explained why, (taring

digestion, tile outward orifice is so firmly closed that no-

thing but the finest pulp passes through it ; but tins pro-

cess once over, undigested masses, and even large bod.es,

such as coins, have been known to go throug i.

The different motions of the stomach now spoken of

have actually been seen to take place m the living 1human

body in a remarkable case, the study of winch has

proved our knowledge of this function that it dese

^
es

especial notice. It was that of a young man named St

tin, a Canadian, eighteen years of age, » to, « 1

fectly good health, was accidentally wounded by l^d

charge of a musket, on the 6th of June 1822. Ihe

charge,” says Dr Beaumont, who descrtbes

sistino of powder and duck-shot, was received in the le

SdVat the distance of one yard from the mu^e of the

nun. The contents entered posteriorly, and in 8

direction, forward and inward, literally blowing °® “

teguments and muscles to the sise of a man hand, toe

taring and carrying away the anterior half of the MX*
£

fracturing thehfth,lacerating
thelowerpo^nrfUK^tob^

of the lung, the diaphragm, and perforating h

^

stomac

From this injury he gradually recovered, bu .the o dice««
closed. When healed, twelve months aftei the acci e ,

the perforation was two-and-a-half inches m iame

^

Subsequently a small fold of the mucous coat of the^to

anneared which gradually increased till it filled the aper

finger Iron, without D ^ J ,ook ,he man

of digestion. On placing
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a solid substance through the opening into the stomach of

St Martin, it was seen by Dr Beaumont to be subjected to

the movements described.

These movements, however, though useful in perfecting

and facilitating digestion, do not constitute the essential

part of the process, as was shown by the experiments of

Spallanzani, who caused metallic balls to be swallowed,

filled with food, which, notwithstanding, was perfectly di-

gested in the stomach. The mucous coat of the organ

contains a multitude of follicular glands, that secrete an

acid fluid, the gastric juice, which acts as a chemical sol-

vent on the food subjected to it. This is not merely owing

to acidity, but to the presence of a peculiar organic sub-

stance called pepsine, which is so powerful that one part

dissolved in sixty thousand parts of water will digest meat
and other alimentary substances. It is poured forth when
food reaches the stomach, and is secreted in the tubular

glands in the intervals of repose.

The conditions favourable for good digestion in the sto-

mach are,— 1st, A temperature of about 100° Fahrenheit;

2d, Constant movement of the walls of the stomach, which
brings in succession every part of the food in contact with

the mucous membrane and gastric juice ; 3d, The removal
of such portions as have been fully digested, so that what
remains undigested may be brought more completely into

contact with the solvent fluid
; and 4th, A state of softness

and minute division of the aliment. Numerous experi-
ments have shown that digestion will go on in gastric juice
out of the stomach, but takes three or four times longer a
period than when performed by the stomach itself.

According to the experiments of Dr Beaumont upon St
Martin s stomach, the rapidity of digestion varies according
as the food is more minutely divided, whereby the extent
of surface with which the gastric fluid can come in contact
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with it is proportionally increased. Liquid substances are

for the most part absorbed by the vessels of the stomach at

once, and any solid matter suspended in them, as m soup,

are concentrated into a thicker material before the gastnc

mice operates upon them. Solid matters are affected

so rapidly during health that a full meal, consisting of ani-

mal and vegetable substances, may be converted into chyme

in about an hour, and the stomach left empty m two iour

and a half. Dr Beaumont found that among the substances

Is, quickly digested were rice and tripe, both of whmh

were digested in one hour. Egp, sa mon, ’

and venison were digested in one hour and a half Tap.oca,

barley milk, liver, and fish, in two hours. Turkey, lamb

and pork, hi two hours and a half. Beef, mutton, and

fowls required from three to three and a half hours, m,

these were more digestible than veal. These facts we

d Sen. from what was anticipated, and show that prevad-

ina notions as to the digestibility of different kinds of food

are very erroneous. It must be remembered, however

that easy digestibility does not imply

A substance may be nutritious, thoug i so

feadt broken downs and many soft, easily d-g^ --

terials may contain a comparatively small amount of nut -

“other circumstances besides those refenedto affect

gestion in the Momach. Among
fflled,

tity of o
j which has elapsed since the

long enough for the,hod

ofone meal to have completely left the stomach before

°t one met
amount of exercise previous

more is intr° *
’

al gentle exercise being favour-

Petrov fxeX iniurious to digestion! 4*T*.

fate of mind,-tranquillity of temper being apparently es-
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sential to a quick and due digestion ; 5tli, The bodily health

;

6th, The state of the weather; 7th, Period of life,—digestion

being more active in the young than in the old.

Digestion in the Intestines .—The intestines have been

divided into small and large, and each of these subdivided

into three portions. Thus the small intestine is divided

into duodenum (see diagram, I), jejunum (K), and ileum

(L) ; and the larger intestine into caecum (M), colon (N),

and rectum (O). The whole constitutes a hollow tube, with

serous, contractile, and mucous coats, similar, but not iden-

tical with those of the stomach. The food operated on in

the manner described enters the upper part of this tube,

the duodenum, in the form of a thick, grumous fluid called

chyme, ofa strong, disagreeable acid odour and taste, and con-
taining undigested portions of the food. This is now pro-

pelled from above downwards by the action of the contrac-

tile fibres of the intestine. As it descends, it is subjected

to two kinds of operations,

—

1st, The influence of various

fluids with which it is mixed
; and 2d, The gradual absorp-

tion of its nutritive substance through the intestinal walls

into the system.

Shortly after the chyme has passed out of the stomach
it becomes mixed with the bile and the pancreatic juice,

—

two fluids secreted by the liver and the pancreas, which in

man enter the duodenum by a common opening. The
exact influence exerted by the bile on the chyme is not
known, but it is supposed so to operate as to render the
nutritive and excrementitious matter more easily separable.
The bile serves other purposes, which will be dwelt on
subsequently. The pancreatic juice is a clear alkaline
fluid, which has the property, when mingled with a drop of
oil, of emulsionizing it with the greatest readiness. Nu-
merous observations and experiments by M. Bernard have
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shown that it operates with the greatest readiness on the

fatty constituents of the food ;
and that in such animals as

have the pancreatic separated from the biliary duct for

some distance, as in the rabbit, milky chyle is only formed

in the lymphatics after the food has passed the former.

Hence there can be little doubt it does emulsionize the

fluid fat of the food, and fit it for assimilation. At the

same time, recent observations show that this is not its ex-

clusive action, but that it also assists in digesting the other

constituents which have escaped the operations of the mouth

and stomach. The chyme is also mingled with the fluid of

the Brunonian glands of the duodenum, and of the glands

of Peyer and Lieberkuhn, scattered over the small intes-

tine generally, but the particular changes these induce in it

are not known.

As the chyme passes along the intestinal canal from above

downwards, it is squeezed by successive contractions of the

tube forcibly against the mucous coat of the intestine.

This is covered over wi£h prominences of various forms and

lengths, denominated villi
,
which are pendulous folds or pro-

jections of the mucous coat itself, so that they present a great

extent of surface, over which the chyme passes. The more

fluid parts, containing such portions of the food as have been

reduced to excessive fineness, now pass through the mem-

brane, and enter a series of ducts provided for that purpose.

As the chyme, therefore, descends the alimentary tube, it

is constantly losing its most fluid and nutritive portions,

while other portions of it are being still farther digested and

prepared for a like absorption. On reaching the caecum,

or commencement of the large intestine, it assumes a fcecal

odour, and has now lost nearly the whole of its nutritive

matters. Such as remain, however, are absorbed by the

large intestine, whilst the useless matter becomes more and

more solid, until it is expelled through the rectum. Sup-
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posing that thirty ounces of solid nutriment have been taken

in the course of twenty-four hours by a healthy individual,

only five of these are expelled as fceces. So that twenty -

five ounces have been prepared, elaborated, and finally

passed into the body to form blood, and through it in to the

various tissues and secretions, to supply the wants of the

economy.

Stage II .— The Formationfrom the Alimentary Matters

of a Nutritive Fluid, the Blood ; and the Changes it un-

dergoes in the Lungs.

Chylification.—The nutritive matters of the food, in a

state of the minutest division, pass through the cell-walls of

the epithelium covering the intestinal villi, probably by
endosmose, although it has been supposed that there are

minute pores which permit their entrance. From the

interior of these cells they pass into the extremities of

ducts, called lacteals, in a way that has hitherto eluded all

research. What, however, has been seen is, that, when
digestion in the intestines is active, the epithelial cells of
the villi are filled with the fatty molecules and granules of
an emulsion, the extremities of the villi themselves ap-
pear turgid, and the lacteals within them, where thev are
visible, are filled with a milky fluid. The continuation of
these lacteals on the peritoneal coat of the intestines is

also filled with this milky fluid or chyle, which flows in a
continuous stream through the numerous lymphatic glands
towards the thoracic duct. The chyle, when it is first ex-
amined on leaving the intestine, presents a milky appear-
ance, and consists of a multitude of minute molecules, or a
molecular basis, when examined microscopically. After pass-
ing through the lymphatic glands, however, these molecules
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may be seen to be mingled with larger corpuscles, which are

the lymph and chyle corpuscles previously described,

and which are subsequently transformed into those of the

Function of the Blood-Glands.—There are a series

of glands, widely disseminated through the body, charac-

terized by being very vascular, forming in their interior

a multitude of colourless nuclei and cells, having no ducts,

but richly furnished with lymphatics. To this group of

organs not only belong the lymphatic glands, but the spleen

the suprarenal capsules, the thymus, and thyroid glands.

In infancy and early childhood the thymus and supra-renal

capsules are large and active ;
they then decline and almost

disappear in man. The others are permanently active

throughout life. The lymphatic glands evidently exercise

a o-reat influence over the fluid which passes through them,

the exact nature of which is unknown, but which serves to

elaborate or fit it more perfectly for the function it is to

undero-o. The fluid derived from the intestines in the

manner described passes through the mesenteric lymphatic

crlands, is of a milky appearance, and called chyle; that

which goes through the other lymphatic glands is limpid,

blood.

and denominated lymph. They also pour their contents

. i men ontprs the ansle tormea

various stages

corpuscles.

Sanguification.—The blood, tl

kept up not only by the nutritive

r

pi,e blood, therefore, is formed and

itive matter derived directlv
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from alimentary matters digested in the intestines, but by

the constant secretion of fluids abounding in corpuscles de-

rived from the blood-glands on the one hand, and lymph and

matters absorbed into the circulation from the tissues of the

economy on the other. Of this latter process, however, we

shall speak subsequently. The formation of blood is un-

doubtedly connected with the reception of chyle and the

function of the blood-glands. The former furnishes the

proximate nutritive principles—albuminous, fatty, and mi-

neral—reduced to a fine emulsion. In the blood-glands

are produced the corpuscles according to the laws of cell

growth, which, floating in the fluid, become more and ifoore

developed as they flow along the lacteals, and through the

lymphatic glands towards the blood, on reaching which they

are immediately transmitted through the right side of the

heart to the lungs, and become blood corpuscles. Whether

all the corpuscles formed in the blood-glands, and more

especially in the spleen, reach the circulation through the

thoracic duct, is doubtful. It is probable that the Mal-

pighian glands of the latter organ may have some direct

connection with the veins, although this has not been clearly

demonstrated anatomically. The blood of the splenic vein,

however, is always more rich in colourless cells than any

other kind of blood ; and in certain morbid conditions,

where the spleen and other blood-glands are enlarged, that

fluid is crowded throughout with colourless cells, con-

stituting a morbid condition we were the first to discover

and describe, denominated Leucocythemia, or white cell-

blood. That the corpuscles formed in these glands, therefore,

do get into the blood is certain, although the channel by
which they do so has not yet been clearly demonstrated.
In the lungs, most of the corpuscles in a state of health
become coloured, and the blood itself undergoes important
alterations.
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Circulation of the Blood.—Having seen how the nu-

tritive elements of the food are converted into blood, the

method by which it is distributed or circulated throughout

the organism should next be described. This circulation is

carried on through the heart, the arteries, the capillaries or

intermediary vessels and veins, back to the heart again.

In the higher animals, there may be said to be two circu-

lations, one connected with the body generally—the sys-

temic or greater circulation ; the other with the lungs—the

pulmonary or lesser circulation. Let us suppose that it

commences with the left ventricle of the heart^see diagram,

9). * The blood passes from thence by the aorta through

the systemic arteries into the capillaries, and back by the

veins to the right auricle of the heart. From thence it

(roes into the right ventricle of the same organ through the

pulmonary artery to the capillaries of the lung, in which it

is exposed to the atmosphere, and then back through t le

pulmonary veins to the left auricle and left ventricle, where

we saw that it commenced. In this constant round it is

subject— ls£, To various forces which serve to propel it;

and 2d, To different changes, the result of the respiratory

and nutritive processes.

1. The most important force which propels the blood is

induced by the contractions of the muscular walls of the

heart, an organ so constructed that, by the union of con-

tractile cavities and valves, the fluid is constantly sent

through it only in certain directions. The action ot this

apparatus is accompanied by certain noises, caused by the

combined contraction of the muscular walls, the rushing o

the fluid, and the flapping together of the valves, an exact

appreciation of which is the method by which the modern

physician is enabled, with wonderful accuracy, to deter-

mine the diseases or derangements ot the organ.

On placing an ear over the cardiac region in a healthy
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person, a beating will be felt, and two sounds heard, which

have been likened to the tic-tac of a watch, but to which

they bear no resemblance. They may be imitated, how-

ever, very nearly, as pointed out by Dr Williams, by pro-

nouncing in succession the syllables lupp, dupp. The first

of these sounds, which is dull, deep, and more prolonged

than the second, coincides with the shock of the apex of

the heart against the thorax, and immediately precedes

the radial pulse ; it has its maximum intensity over the

apex of the heart—below and somewhat to the inside of

the nipple. The second sound, which is sharper, shorter,

and more superficial, has its maximum intensity nearly on

a level with the third rib, and a little above and to the

right of the nipple—near the left edge of the sternum.

These sounds, therefore, in addition to the terms first and

second, have also been called inferior and superior, long

and short, dull and sharp
,
systolic and diastolic—-all which

expressions, so far as giving a name is concerned, are syno-

nymous. The two sounds are repeated in couples, which,

if we commence with the first one, follow each other, with

their intervening pauses, thus

—

1st, There is a long, dull

sound coinciding with the shock of the heart
; 2d, There is

a short pause; 3c?, The short, sharp sound; and 4th, A
longer pause,—all which correspond with one pulsation.

In figures, the duration of these sounds and pauses by

some have been represented thus,—the first sound occu-

pies a third, the short pause a sixth, the second sound a

sixth, and the long pause a third. Others have divided '

the whole period into fours parts
; of which the two first

are occupied by the first sound, the third by the second

sound, and the fourth by the pause. The duration as well

as the loudness of the sounds, however, are very variable

even in health, and are influenced by the force and rapi-

dity of the heart’s action, individual peculiarity, and form of
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the thorax, Their extent also differs greatly. They are

generally distinctly heard at the precordial region, and

diminish in proportion as we withdraw the ear from it.

They are less audible anteriorly on the right side, and still

less so posteriorly on the left side. On the right side pos-

teriorly they cannot be heard. Their tone also varies in

different persons ;
but in health they are free from a harsh

Great diversity of opinion has existed regarding the

causes of these sounds, but we may consider that there

coincides with the first sound—ls<, The impulse, or stri -

in o' of the apex against the thoracic walls; 2d, Contrac-

tion of the ventricles ;
3d, Rushing of the blood through

the aortic orifices ;
and 4th, Flapping together of the

auriculo-ventricular valves. There coincide with the

second sound-id, Rushing of the blood through the

auriculo-ventricular valves; and 2d, Flapping together

of the aortic valves. Contraction of the auricles imme-

diately precedes that of the ventricles. The result of

or blowing character.

•ous pathological observations, and of many expen-

is, that in health the first sound is produced by the

i .....mnln-vpntricular valves, of the
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result of exercise and increased respiration, the more

rapid its actions become. The heart, however, will

continue to contract regularly when cut out of the body

of an animal recently killed, and when deprived of blood

;

but then the stimulus is supplied by the air, or by the

table on which it lies. Under any circumstances, the

rhythmical action of its various parts is owing to the dis-

tribution of ganglionic nerves in its substance, consti-

tuting one of the excito-motory actions which will be

subsequently described. The heart is also readily excited

by various emotions of the mind, though not by volition
;

hence in ancient times it was considered the peculiar seat

of the affections and passions, an opinion which may be
still traced in numerous expressions common to the phra-

seology of all languages even in the present day.

The force with which the left ventricle of the heart

contracts is about double that exerted by the contraction of

the right, which results from the greater thickness of its

walls, and the greater resistance it has to overcome. It

has been calculated that the static force with which the

blood is impelled in the human aorta from the ventricle is

equal to that of 4 lb. 4 oz., and in that of a mare is

equal to 11 lb. 9 oz. The frequency of the heart’s action
is modified by a variety of circumstances, which we shall

allude to immediately when speaking of the pulse. The
arteries are tubes composed of elastic and contractile fibrous
tissues, the former being most abundant in the largest
vessels, where the pressure is greatest, while the latter

exists almost alone, where the impulse of the heart is

scarcely felt. Their functions are,—1^, The conveyance
and distribution of blood to several parts of the body

; 2d
The gradual conversion of the pulsatile or wave-like move-
ments into a uniform flow.

The blood nowhere passes through an artery so rapidly as
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it is forced into it by the left ventricle of the heart, on account

of the resistance offered by all the tubes against which it is

forced. The consequence is, that when it receives the wave

of blood, both the diameter and length of the vessel is in-

creased, and this is followed by a recoil and recovery of its

previous position, owing to the elasticity of the tube. These

operations constitute the pulse, which is felt when the finger

slightly compresses an artery. The pulse differs after

violent exercise, according to the time of the day and posi-

tion of the body. Exercise raises the pulse. It is quicker

in the morning than in the evening ; and hence, it has been

supposed, why a glass of wine is more stimulating early in

the day than at night. In health, the pulse reaches its

maximum about noon, and its minimum towards midnight.

It is more frequent in the erect than in the sitting position,

and quicker then than in the recumbent posture. The

difference between standing and sitting is about 10 pulsa-

tions ;
between sitting and lying, 5 ;

and between standing

and lying, 15 pulsations; much, however, depends on the

muscular effort employed. The natural pulse in the adult

male may be stated as varying between 60 and 1

0

pulsations

in the minute ;
that of the female being, on an average,

about 10 beats more. In a newly-born infant, it is from

130 to 140; in old age, from 50 to 60. In diseases, the

deviation from the healthy standard as to frequency is very

remarkable. It has been known in profound coma to be

only 17, and in cases of water in the brain in children it

has been counted 200 in the minute. The volume or force

of the pulse may also vary ;
hence the terms strong or weak,

full or small, hard or soft, rigid, tense, wiry, thready, &c.

As regards rhythm or time, it may be regular, irregidar,

unequal, intermittent, jerking, &c.

The capillaries, as was previously remarked, consist of

delicate membranous contractile tubes, and their functions
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seem to be,— ls£, To subdivide tbe blood, so that it may be

brought within the attractive influence of the tissues;

and 2d, To act as fine filters, permitting an exchange of

matter to be constantly carried on between the blood and

the textures. In the transparent webs of certain animals,

the blood may be seen passing through these tubes in a

state of health with a uniform flow. There is no evidence

that they exercise any influence in propelling the blood by
contracting their walls, but there is every reason to suppose

that the constant attraction exerted by the tissues in draw-

ing nutritive matter from the blood must exercise a con-

siderable power in drawing the blood onwards. We observe
this in plants and animals which have no hearts or con-

tractile vessels to propel the nutritive fluid, and we see
it strongly manifested where, in consequence of increased

local growth, the blood increases in a part, as in the scalp

during the annual growth of the stag’s horns, in the breast
during lactation, in the gums during dentition, and so on.

In all such cases the vessels of the part are enlarged and
turgid with blood, a phenomenon formerly ascribed vaguely
to a “ determination of blood to the part,” but now known
to result fiom the increased attractive force exercised by the
tissues on the blood in places which are the seat of exces-
sive local growth. The same theory serves to explain, as
we shall subsequently see, the phenomenon of the morbid
process known as inflammation.

The veins arise from the capillaries, and are similar in

structure to the arteries, with the exception that the elastic
tissue is not so thick. It has been supposed that the forces
piopelling the blood through the arteries and capillaries are
sufficient to cause its return to the heart through the veins,
but this is assisted by internal valves and by the respira-
tory movements of the chest. The former are numerous,
and so arranged that the blood can never return towards
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the capillaries. Every motion of the body and contraction

of the muscles through which veins pass must—by compress-

ing them, and thereby squeezing the blood towards the

heart-assist its transit. Expiration favours the flow of

blood in the arteries, and inspiration favours it m the veins,

but does not operate in vessels distant from the thorax,

and even in them to no great extent.

It is very difficult to determine the rapidity of the blood

in different parts of the circulation. The most satisfactory

results have been arrived at from watching the period oc-

cupied by poisons in passing from one part of the body to

another, as in the experiments of Blake. From them it

would appear that a portion of blood can traverse the entire

circulation in the horse in half a minute.

The circulation presents peculiarities— 1st, In differen

parts of the body ;
2d, In the fcetus; 3* In various animals

to particularize which here would lead us too far. One of

the most important of these peculiarities occurs m the

cranium, which being an unyielding osseous case its con-

tents are pressed upon by the atmosphere from below, ike

an inverted jar in a pneumatic trough. The result is t lat

so long as the cranial walls are uninjured, it must alway s

hold the same amount of fluid. Hence the notion. drat by

general or local bleeding you can draw blood from t

brain, is erroneous, although, by weakening the action of the

heart, it is of course possible to diminish the pressure it

exercises on the cerebral vessels.

2 The changes which the circulating fluid undergoes

during its transit through the body are, the conversion

of arterial into venous blood in the systemic capillaries,

and ts re-conversion into arterial blood in the pulmonary

capillaries. This leads us to discuss in the next place

function of

—
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Respiration .—This is carried on by means of lungs, the

structure of which organs is so arranged as to expose a
large surface, covered with capillary blood-vessels, to the
action of the atmosphere. The dilation of the chest dur-

ing ordinary inspiration is principally owing to the contrac-

tion and descent of the diaphragm muscle. But when a
deep breath is taken, the cavity of the chest is further

dilated by the intercostal, scaleni, serrati, and other mus-
cles. Expiration ordinarily is owing to the elasticity of the
lungs and walls of the chest, aided by the contractions of
the abdominal muscles. During forced expiration the
longissimus Dorsi, Sacro lumbales, and other muscles, co-
operate.

The number of respirations which occur in the minute
during health are from fourteen to eighteen, but in disease
they have been known to be so low as seven, and so high
as a hundred. The amount of air inspired also varies

; in
health ranging from 20 to 25 cubic inches (Coathupe). A
man’s average breathing capacity is best tested by a forcible
expiration, which yields, according to Hutchinson, 225 cubic-
inches, as measured by the spirometer.

The great change which the atmospheric air undergoes
in going into and coming out of the lungs is the removal
of a portion of the oxygen, and the substitution of a quan-
tity of carbonic acid gas. For a long time it was supposed
1/t the ,oss of t^e one was exactly equal to the production
of the other, but it is now known that the volume of
oxygen which is absorbed is far greater than that of the
carborne acid given off; and hence we must conclude
that the former gas serves not only for the oxidation of
cai on, but also of hydrogen in the animal organism. If
die air be already charged in some degree with carbonic
dt

j‘. P8
’ tlle quality exhaled is much less, a circumstance

winch strongly points out the necessity of ventilation. It
\
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is not sufficient for health that a room should contain the

quantity of air requisite for the respiration of its inhabitants

during a given time, since long before its exhaustion it will

contain a quantity of carbonic acid sufficient to interfere w it 1

the necessary excretion from the blood. Hence the heat -

ache and other symptoms often experienced in breathing

confined air. The manner in which oxygen is absorbed

and carbonic acid given off, seems owing to the phybica

law described by Professor Graham with respect to diffu-

sion of gases ;
and the quantity of the former winch enter,

will be much greater than that of the latter, which passes

out in the proportion of 1174 to 1000. The one-sixth of

oxygen which thus enters the body, and is not converted

into carbonic acid, is supposed to combine with hydrogen,

furnished by the food and by the disintegration of the is-

sues, to produce water. Part of the water so formed is

again exhaled in the form of vapour from the lungs whilst

another part is used in oxidizing the sulphur and p ios-

phorus taken in with the food, and excreted chiefly m rite

condition of sulphuric and phosphoric acids. The ab,

quantity of solid carbon given off by the lungs is about

Lins per hour, or 8 oz. troy in the twenty-four hour.

The amount of watery vapour given off vanes horn

27 oz., according to the nature of the diet, amount of exer-

cise temperature, humidity of the atmosphere, &c, ^c

As regards the effects of respiration on the blood, the mo,

LkhS is the change of colour of the claret-like venous

into the bright scarlet of arterial blood. The

rature of arterial blood is one or two degree, higher than

venous blood. (Davy.) The specific gravity and number

of corpuscles also are said to be somewhat greater and

it contains a larger amount of oxygen and less carbonic

"'Numerous chemical theories have been advanced to ex-
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plain the manner in which oxygen is removed from the

inspired air, and a quantity of carbonic acid gas added to

expired air. But whether the oxygen, after forming an
acid, unites with the alkalies,—whether it attaches itself to

the corpuscles or to the fibrin, or unites with phosphorus
and fatty matter, are points not yet finally determined.

If respiration be embarrassed or difficult, it constitutes

dyspnoea ; if arrested, from exclusion of atmospheric air,

asphyxia is produced. As a general rule, if the air be cut
off from the lungs of a warm-blooded animal by strangu-
lation or immersion in water, all external muscular move-
ments will cease in a period varying from three to five

minutes, and the circulation comes to a stop in two min-
utes. Some individuals, by force of habit, seem to have
acquired the power of retaining their consciousness for a
considerable time under water, as in the divers of Ceylon,
some of whom have been known to remain immersed, and
actively picking up oysters, from three to five minutes.
This period, under ordinary circumstances, is sufficient to
induce death, for few persons recover who have been under
water four minutes. Exceptional instances indeed are on
record where persons have revived after a submersion of
half an hour. It is supposed, however, that in these a state
ol syncope was occasioned at the moment of immersion,
from fear, mental emotion, or concussion of the brain, so
that in them respiration did not exist in its full activity.
To restore asphyxiated persons no time should be lost.

16 Indlvld »al should be immediately placed on the abdo-
men, to allow of the tongue falling forwards, and any fluid
in the mouth to escape. One of the arms should be put
below the forehead, to prevent the possibility of the nose
and mouth being compressed by the ground. The body
should then be alternately rolled on the side, and again
placed on the abdomen, so as to imitate the compression
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and expansion of the chest in respiration. The extremities

should be assiduously rubbed, especially pressing upwards,

and warmth applied.

Stage HI.-Passage of Fluidfrom the Blood to be trans-

formed into the Tissues.

We have now seen how nutritive matter enters the

body, and the changes it undergoes to be transformed into

blood. We have also seen how the blood is carried to a

parts of the organism. We have next to trace how that or-

ganism is built up and maintained by substances demec

from that blood. ,

We have previously shown that the tissues have a vital

property of attraction and selection, whereby the necessan

materials are drawn through the delicate membranous

walls of the capillaries, and transformed chemically and

structurally into the textures. We are forced to adopt this

theory, for it can easily be shown that all the ttssues depend

on one fluid, the blood, for their nourishment; whilst I

is also clear that this same fluid in different tissues and

organs gives rise to different chemical and struct.., al re-

sults. In this manner, an animal is maintained lor a series

of years with the same physical characters, the difleren

proportions between the supply and loss causing the rapid

growth of the young, the stationary period of adult h e,

and the decline of age. Of the ultimate causes of the

different variations in growth we know nothing All that

science can accomplish is to obtain a know edge of the

conditions on which it depends. Some of these we have

spoken of when describing the cell theory but there are

four others to which we shall allude in this place.

1. A healthy quality of the blood is necessary for a
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healthy formation of texture, and this implies that all the

processes of nutrition should be properly performed, in-

cluding digestion, assimilation, respiration, secretion, excre-

tion, and so on. Any one of these being disturbed, growth

of the body, in whole or in part, may be faulty from want

of appropriate material. The blood, however, enjoys to a

certain extent the power of spontaneously correcting its

own deteriorations, and if these be not excessive or too lone

continued, it rapidly separates, or gets rid of them by means
of some apparatus, and its normal characters are restored.

We are continually meeting with these occurrences during
our observation of disease ; and in this way we account
for and see the use of occasional diaphoresis, diarrhoea, epis-

taxis, loaded urine, and so on. It is also possible that the

excretion of one substance is more or less connected with

the formation of another, as in the instances of what Mr
Paget calls complemental nutrition, of which the growth of
the beard in man, and of the mammae in females at the
period of puberty, are illustrations.

2. Aproper quantity of blood in a part is also essential
for giowth, as is proved by the effects of those occurrences
which, by destroying or injuring the principal vessel leading
to it, causes its wasting or death. It is also observable
that whenever parts are actively growing, they attract more
blood to them than usual, showing that there is an inti-

mate relation between activity of formation and the quantity
of blood in the textures.

3. A certain influence of the nervous system is so blended
and mingled with nutrition of parts in the higher animals
that the improvement of the one materially interferes
with the advancement of the other. Thus there is scarcely
an organ in the body the functions of which may not be
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more or less deranged by various conditions of the mind.

Hope and confidence are highly favourable to the resolution

of numerous diseases ;
while fear and a foreboding of evil

seldom fail to aggravate the most simple maladies, and in

dangerous ones often render them fatal. Destruction of a

nerve leading to a part not only may cause wasting of the

tissue, but often ulceration and destruction of it. The same

occurs when disease attacks the spinal cord.

4. A healthy slate of the part to be nourished is as ne-

cessary for growth as the other conditions mentioned. It

the property of attracting and selecting materials from the

blood be inherent in the textures themselves, as we have

seen is probable, it follows that, if these textures be se-

riously altered or destroyed, the property will also be altered

or destroyed. Now, this is what really takes place ;
and

hence why so many diseases of texture, once occasioned,

are kept up in spite of all the interference of art. Such is

the reason, also, that blows and other injuries, by exciting

or diminishing the vital properties of the textures, give rise

to what are called inflammations, tumours, and other forms

of so-called morbid growths.

Such are the conditions which serve to regulate growth

in the animal economy. The process may be in excess

or diminution, constituting what is called hypertrophy and

atrophy. There is one modification of growth, however,

which we must refer to especially, and which has long been

known under the name of secretion.

Secretion.—This process was for a long time considered

as one opposed to growth ;
that is, as a function having tor its

object to separate matters from, while growth was directe

to storing up or adding them to, the organism. We now

know that secretion is simply a form of growth, and is car-
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ried on under the influence of the same laws which regulate

the development, maturation, and decline of nucleated cells

in general, and of the conditions just referred to in parti-

cular. Under the head of “ Cell Tissues” we have alluded to

the peculiar properties of secreting cells. 1 hey are gene-

rally formed on one side of a basement membrane, while on

the other side blood-vessels are distributed, from which

their contents are derived. The variations in glands simply

result from the convolutions and greater or less complexity

of these universal gland elements. No relation apparently

exists between the structure of the glandular apparatus, or

the nerves supplying it, and the secretion it pours forth.

Thus the pancreas, the lacrymal and mammary glands, are

very much alike in their anatomical elements, although the

pancreatic and lacrymal fluids and milk are widely different.

This fact is sufficient to convince us that a property of a

peculiar kind, essentially vital, must reside in the cells

themselves, which occasions these results.

Stage IV.—Disappearance of the Transformed Tissues,

and their Re-absorption into the Blood.

While, on the one hand, matters are always passing from

the blood to build up the tissues, on the other, matters are

continually passing into the blood from those tissues which

have fulfilled their appointed functions. The new material

takes exactly the place and form of the old
; so that the

general configuration of the body is preserved, while

continually and imperceptibly undergoing a change. Al-

though in adult animals we cannot see the tissues forming,

in the embryo we can, and are consequently enabled to

infer the steps of the process. But we cannot see the

healthy tissues disintegrating and absorbing, even in the

embryo
; and this source of information is therefore cut off
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from us. Almost all that we know of this process, from ac-

tual observation, is derived from the study of morbid ana-

tomy. From this we learn that new formations, such as

pus and cancer cells, break down and are reduced to a fluid

state in the inverse order to that in which they were de-

veloped. Thus a fluid exudation is poured out from the

vessels. It coagulates in the form of molecules and gran-

ules. These unite to form nuclei, around which cell-

walls are produced. If this be their ultimate point of de-

velopment, they are again reduced to the fluid state, first

by the solution of the cell-wall, and subsequently by that

of the nucleus. The whole now again presents a molecu-

lar and granular aspect, whilst the more fluid portions again

pass through the walls of the blood-vessels, and enter the

circulation. We do not see this process in health, but doubt-

less particle after particle of solid matter is reduced to fluid,

and disappears, in order to give place to new particles, w hich

for a time become solid, assume form, fulfil their func-

tion and allotted period of life, and then dissolve, aie ab-

sorbed and excreted as their predecessors wrere befoie them.

Function of the Blood—The blood, therefore, is a won-

derfully complex fluid, partly made up of organic mate-

rials derived from the alimentary canal and blood-glands (pri-

mary digestion ),
partly derived from organic materials de-

rived from the tissues and gaseous fluids received from the

atmosphere through the lungs [secondary digestion). The

constituents thus obtained from such various sources are

modelled and changed during the circulation, so that they

may readily pass off by other channels, and so escape from

the economy. The stream of blood carries them to the

various excretory organs, where they are separated ; and

thus the vast importance of a continued circulation of

fluid is made manifest, not only in carrying materials of
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growth to build up the frame, but in removing the effete

or worn-out particles which have fulfilled then office. In

this manner, the circulation of the blood may be compaied

to a river flowing through a populous city, which not only

supplies the wants of its inhabitants, but conveys fiom

them all the impurities which, through numerous channels,

find their way into its stream. The general properties of

this fluid now demand attention.

The blood corpuscles of which we have previously

spoken float in a straw-coloured transparent fluid, the liquor

sanguinis, which, when it ceases to circulate in the vessels,

lias the property of coagulating. This may be seen under

the microscope to take place, in consequence of the depo-

sition of the fibrin held in solution, in the form of mole-

cular fibres, whereby a fibrous mesh-work is produced, en-

tangling the corpuscles. The clot of the blood, therefore, is

composed of the fibrin and corpuscles, while the serum is

set free. When the blood coagulates slowly, or is unusu-

ally viscous from an increase of its fibrin, the corpuscles

sink to the bottom, leaving a colourless layer on the sur-

face of the clot, which was formerly supposed erroneously

to be a distinctive sign of inflammation. In addition to

fibrin, the liquor sanguinis holds in solution albumen, fat,

and salts, and all those substances which are necessary, di-

rectly or indirectly, for the formation of the tissues and

secretions. It may be regarded as the most elaborated por-

tion of the blood, inasmuch as the corpuscles are dissolved

in it; and, as previously stated, it receives the results both

of the primary and secondary digestions. So prepared, it is

the essential material or nourishing fluid, which, attracted

through the capillaries by the tissues, is the foundation for

all the formative processes of the economy.

Chemical Composition of the Blood.—The chemical con-
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stitution of the blood has been investigated by numerous

distinguished chemists. We give the results arrived at,

from a large number of data, by Becquerel and Rodier:

—

Table, showing the Maxima, Minima, and Average Num-

bers of the Different Constituents in 1 000 parts of the

Blood of Man :

—

Mean. Maxima. Minima.

Density of defibrinated blood 1060-2 10620 1058-0

Density of serum .1028-0 1030 0 1027-0

Water .
779-0 800-0 760-0

Blood corpuscles . 141-1 152-0 131-0

Albumen .
69-4 73 0 620

Fibrin 2-2 3o 1-5

Extractive matters and free salts 6-8 SO 50

Fatty matters .. 1-600 3-255 1-000

Serolin •020 •080 impond.

Phosphorized fat •488 1-000 •270

Cholesterin •088 •175 •030

Saponified fat 1-004 2-000 •700

From 1000 parts of blood, after calcination, they obtained—

Chloride of sodium .. 3 1 4-2 2-3

Other soluble salts .. 2-5 3-2 2-0

Phosphates '334

We may say that the chemical composition of the blood in

a general way is as follows :— ls£, The great bulk of

the blood is made up of water, varying in a healthy state

from 760 to 800 parts in 1000; 2d, The fibrin is small

in quantity, varying from £ to 3 parts ;
3d, 1 lie amount

of albumen ranges between 60 and <0 parts; 4th, 1 he

blood corpuscles vary from 130 to 150 parts; 5th, Ihe

extractive matters and fat range from 1 to 4 parts ;
and

6th, The saline matters range from 5 to 10 parts. These



CHEMICAL COMPOSITION OF THE BLOOD. 85

are not the exact proportions, but approximative results,

which are more easily retained by the mind. The mean

amount of this fluid in the human adult male is 34^

lb. ; in the female, 26 lb. (Valentin.) These various

results differ in diseased conditions of the body, con-

cerning which the following conclusions were formed by

Becquerel and Rodier:— lsif, That the simple fact of

the development of a disease almost always modifies in

a notable manner the composition of that fluid. 2c?,

That venesection exercises a remarkable influence on

the composition of the blood ; the more marked, the

oftener it is repeated. Under these circumstances, the

blood is impoverished and rendered more watery ; the

albumen is slightly diminished
; the fibrin, extractive

matters, and free salts are not influenced, but there is

a decided diminution of the corpuscles. 3d, That in a ple-

thoric condition of the system there is no relative increase

in the number of the corpuscles, or in fact in any other

change in the composition of the blood; it is simply the mass

of the blood that is increased. 4th, That anaemia is cha-

racterized by a diminution in the amount of the corpuscles.

5th, That inflammation induces an increase of the fibrin

and of the cholesterin ; the former varying from 4 to 10,

and the latter being almost doubled. The albumen is di-

minished. 6th, That the amount of fibrin is diminished,

and possibly its physical conditions altered, under two con-

ditions. The first embraces fevers, exanthematous diseases,

and intoxication
; the second, starvation and purpura luemor-

rhagica. 7th, That when any of the secretions are checked,

their essential principles are contained in the blood in

excess. For instance, when secretion of the urine is sup-

pressed, urea is found in the blood ; when the bile is not

excreted, it abounds in the blood, &c. And 8th, That
there are three diseases in which the albumen of the blood is
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notably diminished,—viz., in Bright’s disease, in certain

affections of the heart accompanied by dropsy, and in se-

vere cases of puerperal fever.

Animal Heat.—Many of the processes we have described

are accompanied by an exchange of chemical elements,

which, in the act of forming new combinations, evolve heat.

Thus the union of oxygen with the blood in the lungs, and

the formation of carbonic acid gas in the capillaries make

up together the amount of animal heat found in the body.

The average temperature, as estimated by placing a ther-

mometer in those internal parts which are most easily

accessible, is from 98° to 100° Fahrenheit. In children it is

about 2° higher. In febrile diseases it has been obsen ed

to rise to the height of 108°-5 in children, and to 107° in

adults. In Asiatic cholera it may sink to 77°, or even lower,

and the breath itself feels cool to the naked hand. The

natural temperature of the body, though slightly affected

by temperature, food, and exercise, is on the whole pretty

stationary ;
a circumstance which for the most part isowing

to the power of evaporation possessed by the skin. Hence

the danger of suddenly checking perspiration, in exposing

the surface to cold. The temperature of the various tribes

of animals differs considerably, birds having a higher, and

reptiles and fishes a much lower temperature than mammals,

according to the medium they live in. They cannot, how-

ever, endure severe changes in external heat and cot.

Man alone, by his power over food and the supply of artifi-

cial clothing and exercise, is enabled to bear without in-

jury extremes of atmospheric temperature that no other

animal could endure.

We have seen that more oxygen is taken in by the lungs

than escapes from them in the form of carbonic acid gas

This excess, by uniting in the tissues with the carbon and
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hydrogen received into the system as food, produces heat

;

and the carbon in its conversion into carbonic acid, and the

hydrogen in its change into water, gives off exactly the

same amount of heat as if these processes had been carried

on out of the body. Hence the quantity of heat generated

bears a direct relation to the activity of respiration and the

supply of food. Thus the respiratory process is most active

in birds, and they possess the highest animal temperature ;

and in reptiles, in whom respiration is slow, the heat evolved

is much less. Even in man all the circumstances which

induce rapid breathing, such as exercise, occasion increased

heat. As regards the influence of food, we observe that

in northern climes, where the oxygen in the air is more
abundant, the quantity of food taken is greater than among
the inhabitants of tropical countries. The nature of the

food, also, in the one, abounding in fatty and oily substances

rich in carbon and hydrogen, is better adapted to combine
rapidly with the excess of oxygen than the vegetable and
starchy compounds used in others. The effects of alcohol,

a highly carbonaceous substance, in keeping up animal heat,

is in like manner thus explained
; a substance which, rapidly

entering the blood, combines with the excess of oxygen,
and thus supports the temperature of the body when ex-

haustion from want of food, or from exercise too lon<r con-

tinued, has been occasioned. Thus, in the words of Liebig,

to whom we are indebted for establishing this theory of
animal heat, “ The animal body acts as a furnace, which
we supply with fuel. It signifies nothing what intermediate
forms food may assume, or what changes it may undergo in

the body
; the last change is uniformly the conversion of its

carbon into carbonic acid, and ot its hydrogen into water

;

the unassimilated nitrogen of the food, along with the un-
burned or unoxidized carbon, is expelled in the urine or
m the solid excrements. In order to keep up in the fur-



88 NORMAL PHYSIOLOGY.

mice a constant temperature, we must vary the supply of

fuel according to the external temperature, that is, accord

ing to the supply of oxygen. Hence, in the animal or-

ganism two processes of oxidation are going on ;
one in

the lungs, the other in the capillaries. By means of the

former, in spite of the degree of cooling, and of the in-

creased evaporation which takes place there, the constant

temperature of the lungs is kept up, while the heat of the

rest of the body is supplied by the latter.”

Stage V .—Discharge of Effete Mattersfrom the Body in

Various Forms and by Different Channels.

We have already seen that the textures of the body, while

they are continually assimilating new particles of matter

from the blood, are constantly giving up to that fluid the

particles which have lived and are worn out. These in a

fluid form, but more or less chemically changed, constitute

the fibrin, and a portion of the fat, extractive matters, and

salts which circulate in that fluid. They are the results of

the disintegration of the tissues,—that is, of the secondary

digestion of organic matter which takes place m the body,—

and being useless, are now separated from the economy m

the following ways, as

—

1. Excretion from the Lungs.—A large amount of wa-

tery vapour and of carbonic acid are, as we have seen, con-

tinually passing off from the lungs. The water thus ex-

haled daily varies from 6 to 27 oz, and the carbon, in the

form of carbonic acid, separated in the same space of time,

amounts to 8 oz. troy. In addition, then, to considering the

lungs as organs which supply oxygen to the blood, and as

supporters of animal heat, they must be regarded as an ap-

paratus of excretion, whereby oxygen, hydrogen, and car-
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bon are continually separated from the body in a given
form. Under the heads of “Respiration” and “Animal
Heat ’ we have sufficiently dwelt on these points.

2. Excretion from the Liver.—Bile, as we have pre-
viously seen, is a secretion, but as it is one of those secre-
tions which are produced in order to be excreted, and as

the principal function of the liver is the separation from the
blood of matters which, if retained, would be injurious to
it, we must speak of it in this place.

The blood which supplies the liver is, like that which
goes to the lungs, venous, and the portal vein which car-
ries it there originates for the most part from the intestines
(diagram, 12, p. 48). Hence it differs from other blood in
more frequently containing principles derived from the pri-
mary digestion, more especially fat, dextrine, and sugar

;

whilst it does not possess so much fibrin, a substance princi-
pally formed from the secondary digestion

; so that the clot
it forms is deficient in firmness. The food, in traversing the
alimentary canal, not only parts with substances which
enter the systemic circulation to form blood, but also with
portions of its material which enter the blood-vessels, and
are at once directed through the portal vein to the liverm order to form bile. We can easily understand, therefore,’
how rich eating and little exercise favour the production of
those symptoms which are denominated bilious.
When the blood arrives by the portal vein at the liver it

breaks up into a multitude of minute capillaries, which
with a mass of secreting cells filling up the interspaces be-
tween them, are arranged in small masses or lobules. The
vital property of the cells is to attract and select from the
blood materials which they fashion into bile in their inte-
rior, and this ,s subsequently discharged into ducts andaccumulated in a gall-bladder uuti, it

"

oms the fo
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duodenum, as previously described. The bile thus formed

is a viscous yellow or greenish fluid, and of strong bitter

taste. The quantity of it formed daily has been estimated at

1 7 or 24 oz., but this varies under a great variety of cir-

cumstances. It is composed of water holding salts in solu-

tion, with about 80 in 1000 parts of mucus, colouring matter,

and fat. The salts are those of soda, potash, and ammonia,

in combination with acids, one of which contains sulphur

as a constituent. The colouring matter is called biliphm,

and the fatty matter is composed principally of cholesterin,

mingled with a small proportion of fatty acids.

Bile is excreted in two ways. A portion of it, including the

colouring matter, passes through the whole alimentary canal.

The greater portion, however, is absorbed into the blood, ant

is ultimately carried off by the respiratory process in the form

of carbonic acid. The amount of the excretion in these

two ways varies greatly, one. being to a certain extent in-

creased if the other be diminished. It is absolutely necessary

for the bile to be conducted out of the system, and if, throug i

any obstruction in the duct, it be prevented from being dis-

charged, the bile enters the blood, producing jaundice and

acts "as a poison. Although, therefore, the bile is useful as

a secretion in operating on the chyme, there can be no

doubt that its principal function is that of purifying the

blood of hydrogen and carbon, and acting as an excretion.

The liver also secretes a large quantity of hee tat, " nc
,

accumulating in the cells of the organ, often causes its en-

largement, or so-called fatty liver. It has further been

shown by Bernard constantly to secrete a substance which,

when separated, presents all the physical and chemical pro-

perties of hydrated starch. The moment tins comes in

contact with the blood of the hepatic vein it is convene

into sugar, which in its turn is decomposed by the oxyge

of the air in the lungs, and there disappears. If the pul
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raonary action be insufficient to accomplish this, the sugar

becomes in excess in the blood generally, and is excreted

by the kidneys, forming the disease known as diabetes.

Hence also why a section of the pneu mo-gastric nerves, in-

juring the fourth ventricle of the brain, and occasionally

blows on the head, may occasion diabetes. The liver,

whether giving off bile, fat, or starch, is thus evidently a

great excretor of hydro-carbon, which is converted into

water and carbonic acid, and given off by the lungs.

That the lungs and liver are to a certain extent associ-

ated for the purpose of a common function, is further shown
by the circumstance, that in those cases where the lungs
imperfectly separate carbonic acid gas, the action of the liver

is particularly apt to be disturbed. I bus, if more non-
nitrogemzed food be taken than can be got rid of by the
lungs in the form of carbonic acid, the liver pours a greater
quantity ot bile into the duodenum, causing those symptoms
known as bilious. This is what happens frequently to
Europeans in tropical climates. The rarity of the atmos-
phere, and the little exercise which is taken, throws increased
work upon the liver. The appetite is stimulated by drugs
and spices, which increase the disturbance, rendering a re-
turn to Europe necessary. AH such persons, therefore,
should carefully adapt a certain diet to the amount of ex-
ercise they take and the vigour of the respiration, avoiding
carbonaceous, especially oily food, and alcoholic drinks, and
living according to the simple habits of the natives.

Excretion from the Kidneys—The two kidneys con-
tain in their cortical substance globular convolutions of
capillary vessels, which hang in the blind extremities of
t ie tubular glands. This arrangement permits the ready
passage of a large amount of water from the blood, which
as it flows out through the duct, receives the secretion
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formed by the cells which line them. I he whole accumu-

lates in the urinary bladder in the form of urine, and is

expelled from time to time voluntarily (diagram, P and R,

p. 48). The daily amount of urine discharged in a healthy

person is about 35 fluid ounces. It is of a wine-yellow

colour, and slightly acid in its re-action on vegetable colours.

Its composition, according to Becquerel, is as follows

Water

Urea

Uric acid

Colouring matter

Mucus and animal extractive matter.

/
Sulphates.

Salts.

Bi-phosphates

.

Chlorides.

f Soda

1 Potash

i

Lime

Soda

Magnesia .

Ammonia .

( Sodium ....

'

1 Potassium

.

Hippurate of soda

Fluate of soda

Silica

.

.traces

.967-

.
14-230

.. -468

|

inseparable. 10-167

8-135

1000-000

The proportion of these constituents varies considerably,

even in health, according to the amount and quality ot the

food and drink, the occupation, period of life, sex, and other

circumstances. In disease the variations are still greater.

The quantity, as a whole, may be increased or dimimshe .

and the saline constituents may be so augmented as to e

deposited on cooling, causing the formation of various salts.

The urine may also be loaded with foreign substances, as

blood, albumen, pus, sugar, &c. Hence "h\ a care u

amination of this fluid is so important to the physician, as
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indicating a variety of morbid conditions, not only of the

urinary organs themselves, but of the constitution generally.

The kidneys, therefore, separate— 1 st, A large quantity
of the water which enters the body as drink ; 2d, Certain
materials derived from the primary digestion ; and 3c/,

Matters the result of the secondary digestion, or disinte-

gration of the tissues. The principal object of the kidney
is to separate two substances rich in nitrogen

; so that, while
the liver may be considered as an organ excreting hydro-
carbon, the kidneys must be regarded as organs which
separate nitrogenous substances. The forms these assume
are two, viz., urea and uric acid. Of the former, 270
grains, or more than half an ounce, are excreted by a
healthy man daily, and of the latter, somewhat more than 8
grams. According to Liebig, when the vital force in the
albuminous tissues is no longer able to resist the chemical
action of the oxygen which is conveyed to them in the
arterial blood, it combines with their elements, and forms
products, among which uric acid is the most important.
But if sufficient oxygen and water be conveyed into the
arterial blood, the greater part of the uric acid, or more in-
soluble salts, is converted into urea and carbonic acid

; so
that the effete nitrogenized elements of the tissues reach the
emunctones in a soluble form, a condition necessary for their
ready secretion. Hence the more oxygen enters a tissue
during its disintegration, the more complete will be the
conversion of the insoluble uric acid into the soluble urea,
and the more easy its elimination from the body.

In this manner is explained how the urine of the boa-
constrictor is semi-solid, consisting almost entirely of bi-urate
of ammonia, as the animal eats an enormous meal of nitro-
genous food

; but being a cold-blooded, slowly-respiring
animal, it takes in too little oxygen to convert the uric acid
into urea. On the other hand, the lion and the tiger,
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equally carnivorous with the serpent, are rapidly-respiring,

warm-blooded animals ;
and although, from their violent

muscular exertions, rapid and great destruction must occur,

scarcely a trace of uric acid is found in their urine, as it is

all converted into urea at the moment of its formation, in

consequence of the abundant supply of oxygen. The non-

nitrogenized elements of our food, however, considerably

interfere with the conversion of uric acid into urea, because

they also combine with oxygen. Hence, according to

Liebig, man, being an omnivorous animal, partakes of a

sufficient amount of food rich in carbon to prevent the

complete conversion of insoluble uric acid into soluble

urea ;
consequently, the former substance appears in the

urine, its proportion to urea being as 1 to 32.

In addition to urea and uric acid, which are the excreton

products of the nitrogenous compounds, the kidney is con-

tinually separating from the blood a large quantity of earty

salts. These are excreted daily, to the amount of 138

grains, and they consist of combinations of chlorine, sul-

phuric, and phosphoric acids, with soda, lime, magnesia, anc

potass. Of these, the phosphatic salts are by far the most

important. It has been calculated that about 6£ grams of

phosphoric acid are thrown off by the kidneys in twenty-

four hours, which are united to the four bases,-soda, am-

monia, lime, and magnesia,-forming two double and one

simple salt,—viz., the ammomaco-phosphate of soda, the

ammoniaco-magnesian, or triple phosphate ;
and the phos-

phate of lime.

Both the organic and mineral products may undergo ex-

cess or diminution, resulting from derangements in the pri-

mary or secondary digestive processes. Excess of uric

acid in the blood may arise in two ways, constituting a

tendency to gout or rheumatism,-the first from indulgence

in eating, the second from hard labour and wasting ot the
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tissues. The mineral salts may also form in abundance in

consequence of eating substances which contain them
; or

from disintegration of the textures, the result of severe

study, or, as occurs in old age, from their natural decay.

Excretion from the Skin .—The skin not only serves as

a very efficient protective covering to the body, but is a

most important organ, constantly excreting watery and
fatty matters. The epidermis, hair, and various appen-
dages which grow from the surface, may, in addition to
the special purposes they are fitted for, also be regarded as
excretory.

The water separated from the blood by tubular glands
the so-called sudoriparous or sweat glands—is for the

most part carried off from the surface in the form of vapour
as fast as it is separated. When, from increased exertion
or other cause, the perspiration is augmented in quantity,
or when, from a greater degree of moisture in the atmo-
sphere, it is not readily evaporated, it becomes visible in the
form of minute drops, which distil from the surface. The
fluid consists principally of water, holding in solution a
small quantity of the salts of soda, potash, and lime, with a
trace of oxide of iron. The amount given off daily varies
greatly—the maximum, according to Seguin, being 5 lb
and the minimum, 11b. 11 oz. 4 dr. The average quan-
tity, according to Valentin, is 2£ lb. There is an intimate
relation between the functions of the skin and those of the
lungs and kidneys,—the one being more active when the
other is depressed. Animals, on being covered with an
impermeable varnish die, with all the symptoms of as-
phyxia, while the temperature of the body rapidly sinks 36
egrees. Again, skin diseases, and. especially febrile erup-

tions, materially affect the kidney, and thereby give rise to
secondary dropsies.
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An oily fluid is constantly poured out on the skin from

another series of follicular or sebaceous glands, preventing

it from being dried and cracked by the action of the sun

and air. Hence it is more abundant in the races which

inhabit warm climates. In these, ar\d many of the lower

animals, the sebaceous matter possesses a distinctive odoui

,

whereby they can readily be traced by quick-scented dogs.

Generally speaking, the oily matter excreted from the skin

is conveyed directly to the surface of the hairs or other epi-

dermic appendages in those parts of the integument which

are supplied by them.

The hair and nails grow from the base of a follicle or

gland, and are developed from the cells formed in the base

of such follicle so as to form a fibrous structure. A hair,

if allowed to grow, tapers towards a point, and then splits

up like a painter’s brush, becomes brittle, and breaks off.

There can be no doubt that the oily or sebaceous matter

which nature has provided to lubricate such structures

keeps them soft, and prevents their breaking off too sud-

denly. The colour of the hair depends upon the presence

of pigment secreted within the cells of the follicle. W ell-

authenticated instances of hair turning white in a short

period, from excessive grief or anxiety, are known. Ac-

cording to Vauquelin, this is owing to the secretion of an

acid fluid, which percolates the hair, and chemically de-

stroys the colouring matter. In the various classes of ani-

mals the epidermic appendages serve the purposes ofwarmth,

of defence, or as aids to the sense of touch ; and the modi-

fications they undergo,-as seen in horn, the quills of the

porcupine, the feathers of birds, the scales of fishes, the

wing-cases and spines of insects, &c.,—embrace a singular

variety of form, constituted of the same structure.

The colour of the skin was formerly supposed to exist

in a distinct membrane called the rete mucosum, situated
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between the epidermis and chorion. It is now known to

depend on the deposition of pigment in the lower cells ol

the epidermis, or those nearest the blood-vessels, and to be

influenced by the general laws which regulate the forma-

tion of pigment in the animal and vegetable worlds.

Excretionfrom the Intestines .—We have seen that the

solid nutritive matter received as food daily ought to

amount to 30 oz. ; of these, 25 oz. are absorbed, and only

5 oz. rejected daily from the intestines. These consist of

certain parts of the food which have escaped the digestive

process, and of various secretions which have been poured

into the alimentary canal during its passage. Among the

latter are numerous crystals of triple phosphate, showing

that earthy matters are excreted in large quantities by this

channel. In the large intestine, and especially in the

caecum, a further chemical change is effected. In the latter

situation the peculiar fcecal odour is first produced, owing,

it is supposed, to the secretion of an acid liquid there,

causing another kind of digestion.

Such is a general sketch of the function of nutrition,

from which we observe, from an extended point of view,

that it is a continuous round, which in the natural world

may be said to commence with the reception and termi-

nate with the preparation of aliment, vegetable or animal.

This is observable not only in the “chemical balance of

organic nature,” so beautifully described by Dumas, but in

the incessant chemical compositions and decompositions, as

well as structural formations and disintegrations, which are

peculiar to all vital entities. If so, it must be apparent

that our knowledge of the animal economy, and of the dis-

eases to which it is liable, can only be elucidated by inves-

tigating the nature of such chemical and structural changes,
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together with the necessary relations that each one bears to

the others, and that it is on such kind of knowledge alone

that, medicine as a scientific art can ever repose in security.

We can, for instance, now readily understand how de-

rangement in one stage of the nutritive process more or less

affects the others. Thus, if alimentary matters are not fur-

nished in sufficient quantity, and of a proper quality, the

blood is rendered abnormal, and it necessarily follows that

the matters it gives off will be abnormal also, and its sub-

sequent transformations more or less modified. Again, if

secretion be checked, the blood is not drained of its effete

matter ; and if excretion be prevented, the secretions them-

selves may enter the blood, and act upon it as a poison.

A diseased or morbid state of the blood, therefore, may

arise from either of the stages of nutrition we have described

being rendered irregular or otherwise abnormal. In what-

ever part of the cii'cle interruption takes place, it will, it

long; continued, affect the whole. Thus, a bad assimilation

of food produces through the blood bad secretions and ex-

cretions, whilst an accidental arrest of one of the latter re-

acts through the blood on the assimilating powers. The forms

of disease thus arising may be endless ; but as regards nu-

trition, they may all be traced to the following causes :

1. An improper quantity or quality of the food.

2. Circumstances preventing assimilation or impeding

respiration.

3. Altered quantity or quality of nutritive matters pass-

ing out of the blood.

4. The accumulation of effete matters in the blood.

5. Obstacles to the excretion of these from the body.

Examples in which each of these causes, separately or

combined, have occasioned disease, are of frequent oceui-

rence. It is true that all general diseases are accompanied

by certain changes in the blood, but these changes are to
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be removed, not by operating on that fluid directly, but by

obviating or removing those circumstances which have de-

ranged tlie stage of nutrition primarily affected. For in-

stance, a very intense form of disease may be produced in

infants from improper lactation. The remedy is obvious,

and we procure a healthy nurse. Ischuria is followed by

coma, from the accumulation of urea. We give diuretics to

increase the flow of urine, and the symptoms subside. In

the one case we furnish the elementary principles necessary

for nutrition ;
in the other, we remove the residue of the

process. In both cases the blood is diseased, but its resto-

ration to health is produced by acting on a knowledge of

the causes which led to its derangement.

In the same manner we might illustrate the indications

for correct practice in the other classes of causes tending to

derange the blood, which we have enumerated. Thus,

although there be a proper quantity or quality of the food,

there may be circumstances which impede its assimilation
;

for instance, a too great acidity or irritability of the sto-

mach, the use of alcoholic drinks, inflammation or cancer

of the organ. It is the discovery and removal of these that

constitute the chief indications of the scientific practitioner.

Again, the capillary vessels become over-distended with

blood, and the exudation of liquor sanguinis to an unusual

amount takes place, constituting inflammation. How is

this to be treated ? In the early stage, topical bleeding,

if directly applied to the part, may diminish the congestion,

and the application of cold will check the amount of exuda-

tion. But the exudation having once coagulated outside

the vessels, acts as a foreign body, and the treatment must
then be directed to furthering the transformations which
take place in it, and facilitating the absorption and excre-

tion ol effete matter. This is accomplished by the local

application of heat and moisture, the internal use of neu-
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tral salts to dissolve the increase of fibrin in the blood, and

the employment of diuretics and purgatives to assist its

excretion by the kidneys or intestines.

The general principle we are anxious to establish from

this general sketch of the nutritive functions is—that dis-

eases of nutrition and of the blood are only to be combated

by an endeavour to restore the deranged processes to their

healthy state, in the order in which they were impaired ;

that for this purpose, a knowledge of the process of nutri-

tion is a preliminary step to the proper treatment of these

affections ; that the theory of acting directly on the blood

is incorrect
;
and that an expectant system is as bad as a

purely empirical one.

FUNCTION OF INNERVATION.

The function of innervation, like that of nutrition, con-

sists in the performance of various actions, widely different

from each other, although associated together. These

actions lead to the manifestation of intelligence, sensation,

and combined motion, and are dependent on the vitality of

complex organs,—viz., the brain, spinal cord, and nerves.

But as the connection between these cannot be shown to

exhibit such an order of functional sequence as has been

made apparent among the nutritive processes, it will be

necessary to describe them in a different manner.

General Arrangement of the Nervous System.

To the eye, the nervous system appears to be composed

of two structures—the gray or ganglionic, and the white or
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fibrous. The ganglionic, when examined under high powers,

may be seen to be composed of nucleated cells, varying

greatly in size and shape, mingled with a greater or less

number of nerve-tubes, also varying in calibre. The fibres,

as we have previously seen, consist of minute tubes. There

are also bundles of gelatinous or flat fibres, the nature of

which is much disputed, very common in the olfactory nerve

and sympathetic system of nerves. There can be no doubt

that some nerve-tubes run into the ganglionic corpuscles,

whilst others originate from them. It is also now rendered

certain that the same ganglionic cell may receive and give

off nerve-tubes, each having distinct properties, the one

of conveying the influence of impressions to, and the other

of conveying influences from, the nervous centres.

The general arrangement of the two kinds of structures

should be known. By cerebrum, or brain proper, ought to

be understood that part of the encephalon constituting the

cerebral lobes, situated above and outside the corpus cal-

losum; by the spinal cord, all the parts situated below this

great commissure, consisting of corpora striata, optic tha-

lami. corpora quadrigemina
,
cerebellum

,
pons Varolii, me-

dulla oblongata, and medulla spinalis. In this way, we
have a cranial and a vertebral portion of the spinal cord.

In the cerebrum, or brain proper, the ganglionic or cor-

puscular structure is external to the fibrous or tubular.

It presents on the surface numerous anfractuosities, where-
by a large quantity of matter is capable of being contained
in a small space. This crumpled-up sheet of gray sub-
stance has been appropriately called the hemispherical
ganglion. (Solly.) In the cranial portion of the spinal

cord, the gray matter exists in masses, constituting a chain
of ganglia at the base of the encephalon, more or less con-
nected with each other and with the white matter of the
brain proper above, and the vertebral portion of the cord
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below. In this last part of the nervous system the gray

matter is internal to the white, and assumes the form of

the letter X, having two posterior and two anterior cornua,

—

an arrangement which allows the latter to be distributed in

the form of nerve-tubes to all parts of the frame.

The white tubular structure of the vertebral portion of

the cord is divided by the anterior and posterior horns of

gray matter, together with the anterior and posterior sulci,

into three divisions or columns on each side. On tracing

these upwards into the medulla oblongata, the anterior and

middle ones may be seen to decussate there with each other,

whilst the posterior columns do not decussate. On tracing

the columns up into the cerebral lobes, we observe that the

anterior or pyramidal tracts send off a bundle of fibres,

which passes below the olivary body, and is lost in the

cerebellum (Arciform band of Solly). I he principal

portion of the tract passes through the corpus striatum, and

anterior portion of the optic thalamus, and is ultimately lost

in the white substance of the cerebral hemispheres. The

middle column, or olivary tract, may be traced through the

substance of the optic thalamus and corpora quadrigemina,

to be in like manner lost in the cerebral hemispheres. The

posterior column, or restiform tract, passes almost entiicly

to the cerebellum.

In addition to the diverging fibres in the cerebral hemi-

spheres which may be traced from below upwards, con-

necting the hemispherical ganglion with the structures

below, the brain proper also possesses bands of transverse

fibres, constituting the commissures connecting the two

hemispheres of the brain together, as well as longitudinal

fibres connecting the anterior with the posterior lobes.

In the spinal cord it results, from the investigations of

Lockhart Clarke, that there is a decussation of various

bundles of fibres throughout its whole extent. It is now
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also determined that many of the fibres in the nerves may
be traced directly into the gray substance of the cord—

a

fact originally stated by Grainger, but confirmed by Budge
and Kolliker. Further, it has recently been shown that, by

means of these fibres, an anastomosis is kept up between the

various columns, even those on both sides of the cord, through

the medium of nerve-cells in the gray matter; an important

fact, principally demonstrated by the labours of Stilling, Re-

mak, Van der Kolk, Schilling, Kupffer, and Owsjannikow.

These later observations, indeed, open up to us the

probability that the numerous actions hitherto called reflex

are truly direct, and are carried on by a series of nervous

filaments running in different directions, which have yet to

be described. There can be no doubt that they pass and
operate through the cord

;
and hence the term diastaltic

proposed by Marshall Hall instead of reflex, is in every
way more appropriate. The importance of this view ap-

pears to us so great, that we refer to the figures on pages
104 and 105, from the ihesis of Owsjannikow, 1 showing the

connection of the nerves and ganglionic cells in the spinal

cord of a fish, as indicative of probable similar relations yet
to be discovered in man.

General Functions of the Nervous System.

The great difference in structure existing between the
gray and white matter of the nervous system would, a
priori, lead to the supposition that they performed separate
functions. 1 he theory at present entertained on this point
is, that while the gray matter eliminates or evolves nervous
power, the white matter simply conducts to and from this
ganglionic structure the influences which are sent or ori-
ginate there.

1
Diiquititiov.es Microscopical Je Medullas Spinalis Texiura, 1854 .
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Transverse section of the Spinal Cord of the Salmo salar, about two

inches from the Brain, magnified 100 diameters linear.

A. Anterior Groove.

B. Posterior Groove.

C. Central Canal lined with Epithelium.

D. Areolar Tissue surrounding the central canal, continuous with

anterior and posterior grooves.

E. Anterior Root.

F. Commissural Fibres.

G. Posterior Root.

H. Areolar Tissue.

I Vertical Fibres of the white substance cut across in the

transverse section.

K. Openings of Blood-Vessels cut across.

L. Ganglionic Cells.
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CAR D E F G

.Longitudinal Section of the Spinal Cord of the Salmo salar, cut
obliquely from before inwards, in the course of the fibres of the

anterior root.

A. Blood-Vessels filled with Blood Corpuscles.

B. Areolar Texture.

C. Central Canal.

11. Ganglionic Cells.

E. Fibres of the White Substance originating in the cells and
going to the brain.

1 ' F lbres of the Anterior Root which pass through the white
substance, and pass into the cells.

G. Pia Mater.

II
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The brain proper furnishes the conditions necessary for

the manifestation of the intellectual faculties properly so

called, of the emotions and passions, of volition, and is

essential to sensation. That the evolution of the power

especially connected with mind is dependent on the hemi-

spherical ganglion, is rendered probable by the following

facts:— i. In the animal kingdom generally, a correspond-

ence is observed between the quantity of gray matter,

depth of convolutions, and the sagacity of the animal.. 2.

At birth, the gray matter of the cerebrum is very defective ;

so much so, indeed, that the convolutions are, as it were,

in the first stage of their formation, being only marked out

by superficial fissures almost confined to the surface of the

brain. As the cineritious substance increases, the intelli-

gence becomes developed. 3. The results of experiments

by Flourens, Rolando, Hertwig, and others, have shown

that, on slicing away the brain, the animal becomes more

dull and stupid in proportion to the quantity of cortica

substance removed. 4. Clinical observation points out,

that in those cases in which the disease has been after-

wards found to commence at the circumference o tie

brain, and proceed towards the centre, the mental faculties

are affected first; whereas in those diseases which com-

mence at the central parts of the organ, and procee to-

wards the circumference, they are affected last.

The white tubular matter of the brain proper serves, 'V

means of the diverging fibres, to conduct the influences

originating in the hemispherical ganglion to the nerves

of °the head and trunk, whilst they also conduct the in-

fluence of impressions made on the trunk, in an inverse

manner, up to the cerebral convolutions. The other

transverse and longitudinal fibres which connect together

the two hemispheres, and various parts of the hemisphe-
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rical ganglion, are probably subservient to that combination

of the mental faculties which characterizes thought.

The spinal cord, both in its cranial and vertebral por-

tions, furnishes the conditions necessary for combined

movements
; and that the nervous power necessary for this

purpose depends upon the gray matter is rendered pro-

bable by the following facts:

—

\st, Its universal connection

with all motor nerves. 2d, Its increased quantity in those

portions of the spinal cord from whence issue large nervous

trunks. 3d, Its collection in masses at the origin of such

nerves in the lower animals as furnish peculiar organs re-

quiring a large quantity of nervous power, as in the Triglia

vohtans, Raia torpedo
,
Silurus, &c. 4th. Clinical observa-

tion points out that, in cases where the central portion of

the cord is affected previous to the external portion, an
individual retains the sensibility of, and power of moving,
the limbs, but wants the power to stand, walk, or keep
himself erect, especially when the eyes are shut

; whereas,
when diseases commence in the meninges of the cord, or,

externally, pain, twitchings, spasms, numbness, or paralysis,

are the first symptoms present, dependent on lesion of the
white conducting matter.

The white matter of the cord acts as a conductor, in the
same manner that it does in the brain proper, and there
can be no doubt that the influence arising from impressions
is cairied not only along the fibres, formerly noticed, which
connect the brain and two portions of the spinal cord to-

gether, but along those more recently discovered, which de-
cussate or anastomose in the cord itself (Brown-Sequard),
and are connected with the ganglionic cells of the gray
matter.

I he various nerves of the body consist for the most
part of nerve-tubes running in parallel lines. Yet some
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contain ganglionic corpuscles, as the olfactory and the

ultimate expansion of the optic and auditory nerves; whilst

the sympathetic nerve contains in various places not only

ganglia, but gelatinous flat fibres. 1 he posterior roots of

the spinal nerves possess a ganglion, the function of which

is quite unknown. These roots are connected with the

posterior horn of gray matter in the cord, while the ante-

rior roots are connected with the anterior horns. As re-

gards function, the nerves may be considered as 1 st.

Nerves of special sensation, such as the olfactory, optic,

auditory, part of the glosso-pharyngeal and lingual branch

of the fifth. 2d, Nerves of common sensation, such as the

greater portion of the fifth, and part of the glosso-pharjn-

geal. 3d, Nerves of motion, such as the third, fourtli,

lesser division of the fifth, sixth, facial, or portio dura of

the seventh, and the hypo-glossal. 4 th, Senso-motory or

mixed nerves, such as the pneumo-gastric, third division

of the fifth, and the spinal nerves. 5th, Sympathetic nerves,

including the numerous ganglionic nerves of the head,

thorax, and abdomen,—the exact function of which has not

yet been fully investigated, although they seem to influence

the excito-motory and excito-nutrient acts of the internal

viscera and organs of sense.

All nerves are endowed with a peculiar vital property

called sensibility, inherent in their structure, by virtue of

which they may be excited on the application of appropriate

stimuli, so as to transmit the influence of the impressions

they receive to or from the brain, spinal cord, or certain

ganglia, that may be considered as nervous centres.

The nerves of special sensation convey to their nervous

centres the influence of impressions caused by odoriferous

bodies, by light, sound, and by sapid substances. The

nerves of common sensation convey the influence of im-

pressions to their nervous centres, caused bv mechanic a
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or chemical substances. The nerves of motion carry from
the nervous centres the influence of impressions, whether
psychical or physical. (Todd.) The mixed nerves carry

tiie influence of stimuli both to and from, combining
in themselves sensory and motor filaments. Although
the sympathetic nerves also undoubtedly carry the in-

fluences of impressions, the direction of these cannot be
ascertained, from their numerous anastomoses, as well

as from the ganglia scattered over them, all of which
act as minute nervous centres. But there are cases
where certain psychical stimuli (as the emotions) act on
organs through these nerves, and where certain diseases
(as colic, gallstones, &c.) excite through them sensations
of pain.

bensation may be defined to be the consciousness of an
impression ; and that it may take place, it is necessary,

—

That a stimulus should be applied to a sensitive nerve,
which produces an impression

; 2d, That, in consequence
of this impression, a something should be generated we
designate an influence, which influence is conducted along
the nerve to the hemispherical ganglion

; 3d, On arriving
there, it calls into action that faculty of the mind called
consciousness or perception, and sensation is the result.
It follows that sensation may be lost by any circumstance
which destroys the sensibility of the nerve to impressions

;

which impedes the process of conducting the influence
generated by these impressions

; or, lastly, which renders
the mind unconscious of them. Illustrations of how sensa-
tion may be affected in all these ways must be familiar to
every one, from circumstances influencing the ultimate ex-
tremity of a nerve, as on exposing the foot to cold

; from
injury to the spinal cord, by which the communication
with the brain is cut off; or from the mind being inatten-
tive, excited, or suspended.
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The independent endowment of nerves is remarkably

well illustrated by the fact, that whatever be the stimulus

which calls their sensibility into action, the same result is

occasioned. Mechanical, chemical, galvanic, or other physi-

cal stimuli, when applied to the course or the extremities

of a nerve, cause the very same results as may originate

from suggestive ideas, perverted imagination, or.otherpsychi-

cal stimuli. Thus a chemical irritant, galvanism, or prick-

ing and pinching a nerve of motion, will cause convulsion

or spasms of the muscles to which it is distributed. The

same stimuli applied to a nerve of common sensation will

cause pain, to the optic nerve flashes of light, to the audi-

tory nerve ringing sounds, and to the tip of the tongue

peculiar tastes. Again, we have lately had abundant op-

portunities of witnessing suggestive ideas, or stimuli origin-

ating in the mind, induce peculiar effects on the muscles,

o-ive rise to pain or insensibility, and cause perversion of all

the special senses. (See “ Mono-ideism,” in a subsequent

section.)

Motion is accomplished through the agency of muscles

which are endowed with a peculiar vital property callec

contractility,
in the same way that nerve is endowed with

the property of sensibility. Contractility may be called

into action altogether independent of the nerves (Haller),

as by stimulating an isolated muscular fasciculus directly

(Weber). It may also be excited by physical or psychi-

cal stimuli, operating through the nerves. Physical stimuli

(as pricking, pinching, galvanism, &c.), applied to the ex-

tremities or course of a nerve, may cause convulsions of

the parts to which the motor filaments are distributed

directly, or they may induce combined movements in other

parts of the body diastaltically (Marshall Hall),-that is,

through the spinal cord. In this latter case the following
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series of actions take place :— Is?, The influence of the

impression is conducted to the spinal cord by the afferent

or esodic filaments which enter the gray matter. 2c?, A
motor influence is transmitted outwards by one or more

efferent or exodic nerves. 3d, This stimulates the contrac-

tility of the muscles to which the latter are distributed, and

motion is the result. Lastly, Contractility may be called into

action by psychical stimuli or mental acts,—such as by the

will and by certain emotions. Integrity of the muscular

structure alone is necessary for contractile movements ; but

also ofthe spinal cord, for diastaltic or reflex movements; and

of the brain proper, for voluntary or emotional movements.

Thus, then, we may consider that the brain acting alone

furnishes the conditions necessary for intelligence
;
that the

spinal cord furnishes the conditions essential for the co-

operative movements necessary to the vital functions
;
and

that the brain and spinal cord acting together furnish the

conditions necessary for voluntary motion and sensation.

The following aphorisms will be found useful, in en-

deavouring to reason correctly on the functions of the ner-

vous system :

—

1. The brain proper is that portion of the encephalon

situated above the corpus callosum.

2. The spinal cord is divided into a cranial and a verte-

bral portion.

3. The gray matter evolves, and the white conducts, ner-

vous power.

4. Contractility is the property peculiar to fibrous tex-

ture, whereby it is capable of shortening its fibres. Mo-
tion is of three kinds

—

contractile, dependent on muscle

;

diastaltic, dependent on muscle and spinal cord ; volun-
tary, dependent on muscle, spinal cord, and brain.

5. Sensibility is the property peculiar to nervous texture,
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whereby it is capable of receiving impressions. Sensation

is the consciousness of receiving such impressions.

Senso-Motory Electrical Phenomena .— 1 he manner in

which the nervous force is generated and conducted along

the nerves to distant parts of the body has given rise to

the idea that it resembles electricity. But that there is

any identity between them is disproved by the following

facts:— 1. The firm application of a ligature to a nerve

stops the propagation of the nervous influence below the

point of application, but not of electricity. Indeed, the

nervous trunk is as good a conductor of electricity after as

it was before the application of the ligature. 2. If a small

piece of a nervous trunk be cut out, and replaced by an elec-

tric conductor, electricity will still pass along the nerve ,

but no nervous force, excited by the strongest inflation

above the section will be propagated through the con-

ductor to the parts below. 3. A nerve is not so good a con-

ductor of electricity as some other tissues. Matteuci as-

signs to muscles a conducting power four times greater than

that of nerve or cerebral matter; and from the lesults ot

some experiments by Dr Todd, with the most delicate in-

struments, he concludes that both nerve and muscle are

infinitely worse conductors than copper. In fact, their

power of conduction does not rank above that of water hold-

ing in solution a small quantity of saline matter. 4. 1 hat

in all those animals which undoubtedly evolve electricity, a

peculiar apparatus, resembling a series of galvanic piles, is

superadded, proving that other conditions are required than

those ordinarily existing in the nervous system to produce

the electric force. In the present state of science, there-

fore, facts are opposed to the idea of nervous power being

identical with electricity. It is very possible, however,

that future observations may prove one to be a modification
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of the other. It should not be forgotten that it is only

lately that the relations have been discovered which exist

between electricity, galvanism, and magnetism; and, as Mr

Faraday remarks, “ If there be reason for supposing that

magnetism is a higher relation of force than electricity, so it

may well be imagined that the nervous power may be still

more of an exalted character, and yet within the reach of

experiment.”

Dr Todd considers that the change which takes place in

nerve during its excitation is analogous to that which oc-

curs in the particles of a piece of soft iron, in virtue of

which the iron acquires the properties of a magnet so long

as it is maintained in a certain relation to a galvanic cur-

rent—the magnetic power being instantly communicated

when the circuit is completed, and as rapidly removed when

it is interrupted. He considers that a similar state of po-

larity of the particles of a nerve, when stimulated, may be

induced. This polar state, he thinks, may be occasioned in

tissues, either muscular or nervous, with which the nerve

stimulated may be in organic connection
;
just as the polar

state of the electrical apparatus is capable of being communi-

cated to the piece of soft iron, which thereby acquires the

well-known magnetic properties during the continuance of

the excited polarity. This analogy may be admitted, al-

though it has in noway been proved that what is here called

nervous polarity is in anyway identical with electrical or

magnetic polarity. Some animals, as the glow-worm, fire-fiy,

and others, generate light, which, like the evolution of elec-

tricity, is connected with the presence of a peculiar organ

or apparatus. It cannot be maintained that light and ner-

vous influence are the same; and we are therefore compelled

to conclude, that the generation both of electricity and light

in animals is a vital property special to peculiar organs,

which, like other vital properties, though connected with,
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and influenced by, the nervous system, is altogether dis-

tinct from it.

Several fishes, but more especially the genera Torpedo,

Gymnotus, and Malapterurus, give out electrical shocks

when touched or irritated, which gradually become weaker,

and cease altogether from frequent repetition, but return

after a certain period of repose. The agent producing

these has been proved to be electricity, by being commu-

nicable to chains of individuals, by causing chemical de-

composition, and a luminous spark on its sudden discharge.

It is isolated by non-conductors, deflects the magnetic

needle, and communicates magnetic properties to soft iron

when transmitted through a coil of wire surrounding it.

The discharge of the gymnotus has been estimated to be

equal to that of a battery of Leyden jars of 3500 square

inches, fully charged. We can have no doubt, therefore,

that an animal can generate electricity, and discharge it at

will, for the purpose of stupifying or killing other creatures,

or as a result of reflex nervous action, whilst its own body is

entirely free from the sensitive and motor consequences of

the shocks which it produces. The electrical organ in these

animals consist of piles of very numerous and closely-set thin

membranous plates, among which numerous fine nerves are

distributed. Between these plates are small cavities filled

with an albuminous fluid; so that the apparatus closeh 1 esem-

bles a number of moist galvanic piles or batteries closely ag-

o-related together. This structure, though differently ar-

ranged in the various kinds offish, is richly supplied by motor

and sensitive nerves and by blood-vessels. I he nerves are

distributed on one surface only of the plates, whilst the

blood-vessels go to another, ’on which nucleated cells are

listributed. (Pacini.) There is also a special lobe of the

brain situated on the medulla oblongata,
close to the origin

of the vagus nerve, which is called the electric lobe. It
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contains large ganglionic corpuscles from which nerve-

tubes arise. When this lobe is destroyed, the power of ge-

nerating electricity is destroyed with it ;
whereas the whole

brain above it may be removed without immediately im-

pairing the function of the batteries. T his fact has led some

to suppose that the electricity is generated in the brain ;

but there can be little doubt that it is formed in the bat-

teries, which, however, differ in different animals. Thus, in

the torpedo the action resembles that of a thermo-electric

pile,—the nerve and vascular surfaces corresponding to the

bismuth and copper elements, whilst the nervous influence

corresponds with heat. When, therefore, a shock is in-

duced in the torpedo, either voluntarily or by reflex action,

the nervous influence sent to one surface of the electrical

plate throws the other into an opposite electrical condi-

tion, and a current is the consequence. In thegymnotus, on

the other hand, the apparatus has been compared to the

hollow cylinder of porous clay, which, in a Bunsen’s or

Grove’s galvanic arrangement, separates the negative from

the positive elements. (Pacini.)

Although in other animals little electricity seems to be

generated, electric currents have been demonstrated in the

muscles and in the nerves. Galvani first noticed the fact,

that when the exposed muscles of a frog’s limb are brought

into contact with the sciatic nerve, the muscles are slightly

contracted. Nobili found that when the circuit of the

nerve and muscles was closed by a galvanometer, a devia-

tion of the needle took place to the extent of 10°, 20°, or

30°, in consequence of a current which passed in the limb

from the toes upwards, and which could be increased by

inclosing in the circuit several frogs arranged as a battery.

Matteuci showed that these currents were independent of

the nervous texture ; and Du Bois-Reymond that the longi-

tudinal section of a muscle, natural or artificial, is invariably
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positive to the transverse one. According to him, the mus-

cular substance during life, and in the intervals of contrac-

tion, is in a state of electric tension, which is much dimin-

ished, or disappears during its action. He succeeded in

showing this experimentally in the human subject. The

fore-fingers of a muscular individual being dipped in a saline

solution, together with the electrodes of the galvanometer,

no deflexion of the needle occurs. If all the muscles of

one arm be now strongly and continuously contracted, a

current is indicated passing from the finger to the shoulder

in the contracted arm, and in the opposite direction in the

relaxed one. Other experiments showed,— ls<, That the

current varies in different individual muscles, in some run-

ning from the head to the foot, in others in the opposite di-

rection ; 2d, That the electro-motor power of a muscle

is directly as its length and thickness ; and 3d, That if two

muscles are opposed to one another in a circuit, the thicker

or the longer overcomes the other. Hence the current in

one entire organism represents the superior force of the

currents of the stronger muscles. As regards nerve,

Matteuci failed in detecting any electrical current in it

;

but Du Bois-Reymond has done so by employing a very

delicate galvanometer. He has determined that the ner-

vous electric current has the same relation to the longitu-

dinal and transverse sections as is observed in muscle, and

that in this respect all the nerves are alike. It would also

appear from his observations, that when a nerve is com-

pletely excited or tetanized by electricity, its usual electro-

motor power is diminished, or in abeyance, and that a

similar loss accompanies intense functional excitement

from ordinary agents. No difference as to electrical lela-

tions exist between motor and sensory nerves, and in both

kinds innervation advances in either direction with equal

facility. The muscles, when they are caused to contract
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in consequence of electricity sent along a nerve, do so only

at the opening and closing of the circuit. From these

researches it would appear, that in an organized being elec-

trical currents are induced by arrangements of its fluids,

textures, and organs, although the physiological importance

of these remains to be discovered. It must be clear, how-

ever, that such currents are intimately connected with the

normal functions of the parts which exhibit them, a circum-

stance which indicates the advantage of applied electricity

in various paralytic and spasmodic diseases. This subject

is now being investigated on scientific rather than on em-

pirical grounds, especially by Remak.

Special Functions of the Nervous System.

On proceeding to determine more closely what are the spe-

cial functions of the individual parts of the nervous system,

we should never forget that the various ways in which they

have been investigated have led to opposing results, and that

such is the excessive difficulty of the inquiry, that we should

be especially on our guard against specious hypotheses and
unfounded theories. Anatomy, human and comparative,

has furnished us with many valuable facts ; but it is not
easy to determine what are the nervous ganglia or other

parts in the lower animals which correspond with what
exists in man

; whilst erroneous interpretations as to the
habits and motions of these creatures are too readily formed.
Again, in making experiments on animals, it is often im-
possible to ascertain how far the shock of the operation, the
flow of blood, or the destruction of other parts may vitiate

the results. Lastly, an observation of the effects of disease
often leaves us in doubt how far the organic mischief ex-
tends, and what phenomena may be rightly attributed to it,

and what to the congestion of the blood-vessels which
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accompany it. This last, however, is by far the most import-

ant means of research open to us ;
and it to the result of

pathological observation, a similar one is obtained from well-

performed experiments, our views derived from either will

be confirmed. If to this, anatomy reveals such connections

as will warrant and bear out such conclusions, we may con-

sider that every proof is given which conviction requires.

It should be remembered, therefore, that such is the fal-

lacy inherent in each individual method of research that

little dependence can be placed upon it, and that at least

two of these must be united to give probability to any given

theory.

Functions of the Cerebral Lobes.—The cerebral lobes

(diagram, A, A, A,p. 130), as has been previously stated, are

undoubtedly concerned in the evolution and manifestation

of intellect. This result is supported by every known

mode of investigation, which also indicates that the former

depends on the cortical, and the latter on the conducting or

tubular portion. Further than this we are not warranted in

going, for the facts which establish these great conclusions

entirely negative all those theorieswhich have been advanced

having for their object a localization of the different facul-

ties into which the mind has been arbitrarily divided. When,

indeed, we endeavour to analyse these, and separate the

reasoning powers from instinctive actions, the difficulty of

the inquiry seems at first to be overwhelming. To analyse

the intricate combinations of our own minds is a difficult

task; but how much more laborious is it to study the

variations in the minds of others, and to investigate the

habits of the countless tribes of animals with the view of

distinguishing which depend on reason, and which on blind

instinct! The attempts of metaphysicians in tins direction

are not satisfactory. According to them, however, the
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purely mental faculties are,— Consciousness, Perception,

Attention, Conception, Abstraction, Association of Ideas,

Memory, Imagination, and Judgment or Reasoning. To

these may be added the Affections, Desires, Self-love, and

the Moral Faculty. (Stewart.)

Gall and Spurzheim have divided mind into thirty- three

faculties, to which Mr Combe added two more, making

thirty-five in all. These are— 1^, Amativeness ; 2d, Philo-

progenitiveness, or love of offspring ; 3 d, Concentrativeness,

or the power of continuing impressions and ideas; 4th,

Adhesiveness, or the desire to attach ourselves to persons or

objects; 5th, Combativeness, or the inclination to fight and

be embroiled in contentions ; 6th, Destructiveness, or the de-

sire of destroying life ; 7th, Constructiveness, or a disposi-

tion to apply oneself to the mechanical arts; 8th, Covetousness,

or the desire to covet, to amass, or acquire
;
9th, Secretiveness,

to conceal
; 10^, Self-Esteem, or self-love; 11 th, Love of

Approbation, or the pleasure we derive from the commen-
dations we receive from others

;
12th, Cautiousness •, 13th,

Benevolence, or meekness and gentleness of disposition
;

14th, Veneration, by which we worship the Deity and
material objects; 1 5th, Hope; 1 6th, Ideality, or the poetical

disposition; 17th, the faculty of Conscientiousness, or of

justice and equality ; 18M, Determinativeness, or firmness

of character or purpose ; 19th, Individuality

,

or the power
we possess of knowing external things

; 20th. Form, by
which we take cognisance of the forms of external objects ;

2\st, Size, that power which seizes hold of dimensions; 22d,

Weight, that faculty by which we estimate weight, density,

resistance, &c. ; 23of, Colour, the faculty of perceiving

colours
; 24th. Space or Locality, the power of local

memory
; 25th, Order, or a love of methodical arrange-

ment; 26th, Time, or the faculty which enters into specu-
lations on duration

; 27th, Number, or the power of calcu-
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VIEW OP THE NERVOUS SYSTEM IN MAN.

A, A,A. Cerebral Lobes—B. Cerebellum—C. Corpus Striatum—D.

Optic Thalamus—E, Corpora Quadrigemina—F. Pons Varolii

—G. Medulla Oblongata—H, H. Spinal Cord.

Left Side.—The Cerebro-Spinal System of Nerves.

I. Olfactory, or first pair of Nerves—II. Optic, or second pair of

Nerves—III. Motor Nerves of Eyeball, or third pair of Nerves

—IV. Pathetic, or fourth pair of Nerves—V. Trifacial, or fifth

pair of Nerves—VI. Abducent, or sixth pair of Nerves—VII.

Facial and Auditory, or seventh pair of Nerves—VIII. (1.) Glos-

sopharyngeal Nerve—VIII. (2.) Pneumo-gastric Nerve, or Vagus
—VIII. (3.) Spinal Accessory Nerve—IX. Hypoglossal, or ninth
jiair of Nerves—From a to

f. Branches of the Vagus: a. Superior

Laryngeal Nerve; b. Inferior Laryngeal Nerve; c. Cardiac and
Pulmonary branches of the Vagus; d. (Esophageal branches of

the Vagus : e. Gastric branches of the Vagu^^^^ermination of
the Vagus on the right side in the solar

Plexus—h, h, h. Spinal Nerves

—

i. Iliac Plexu^^^BB^Plexus.

Right Side.— The Sympathetic or Ganglionic System ofNerves.

1. Ophthalmic Ganglion—2. Submaxillary Ganglion—3. Spheno-
palatine Ganglion—4. Cavernous Plexus—5. Otic Ganglion
6, 6. Carotid Plexus, surrounding the carotid artery—7. Super-
cervical Ganglion—8. Middle Cervical Ganglion—9. Inferior
Cervical Ganglion— 10. Cardiac and Pulmonary Plexuses

11, 11. Splanchnic Nerves—12. Solar Ganglion—13. Hepatic
Plexus—14. Gastric Plexus—15. Splenic Plexus—16. Super-
mesenteric Plexus— 17. Renal Plexus— 18. Aortic Plexus—19.
Inferior Mesenteric Plexus—20. Hypogastric Plexus—21. In-
ferior Hypogastric Plexus—22. Ovarian Plexus—23. Uterine
Plexus—24. Vesical Plexus—25. Ganglion Impar.

I



122 normal physiology.

lation ; 28th, Tune, or the perception of musical tone ;
29th,

Language, the faculty by which we learn artificial signs

;

30 ill, Comparison, by which we recognise differences, ana-

logies, similitudes, &c.; 31s*, Causality, that power which

directs our attention to the causes of things ;
32 d, Wit, the

faculty of jesting, raillery, mocking, &c. ;
33d, Imitation,

the power of imitating sounds, gestures, manners, &c. 1 hese

are the several faculties of mind laid down by Drs Gall and

Spurzheim; but to this catalogue Mr Combe has added

two others,—34th, Wonder, or that which relates to the mar-

vellous, supernatural, &c.; and 35 th, Eventuality, or that

which takes cognisance of changes, events, and active phe-

nomena.

The objections to this division of the mental faculties are,

—Is*, Its complexity; and, according to the phrenological

system, one faculty is considerably influenced by others ; so

that compound characters may be easily manufactured^ at

will, and thus numerous sources of fallacy thrown open. 2d,

It is .mdffilnt in some faculties, and deficient in others.

It is^edundaS, for instance, in having two organs for Form

and Size, for Combativeness and Destructiveness, for Causa-

lity and Concentrativeness. Each of these two, if not iden-

tical, are, at all events, closely allied. It is deficient in

having no such faculties as Memory, Reasoning, and Judg-

ment, which every man is conscious he possesses. But it

is said every organ has a power of remembering, reasoning,

and judging ;
so that there are other faculties which govern

or attend upon all the thirty-five organs. There are also

obvious deficiencies in the propensities or instincts; for

mankind not only love, steal, fight, kill, secrete, and build,

but run, swim, walk, talk, sing, learn, and so on, which have

no place in the phrenological system. Perhaps there is no

instinct so strong in man and animals as that of self-preser-

vation, and yet this has no organ ascribed to it by the phre-



FUNCTIONS OF THE CEREBRAL LOBES. 123

nologists. As a philosophical and metaphysical system of

the mental faculties, therefore, the classifications of Stewart

and Brown seem to us greatly superior, especially in all the

higher properties of the intellect ; although, so far as the

instincts and passions are concerned, they are, perhaps, in-

ferior.

If our knowledge of what the faculties of the mind really

are, and how they should be divided, is so imperfect, it may
appear unnecessary to attempt to determine in what part of
the brain each is situated. As might be expected, all such
efforts have failed. That the brain furnishes the condi-

tions necessary for the evolution and manifestation of mind,
we have seen is established

; and that the gray matter ori-

ginates, whilst the white matter conducts, the influences

generated, we have also shown to be highly probable. But
we have no facts which point out that Memory, Conscious-
ness, Judgment, Reasoning, or similar faculties belong to one
part of the cerebral convolution^ more than to another.
Gall and his followers have localized all the thirty-five
faculties into which they have divided the mind. He ob-
served that certain individuals who displayed mental powers,
moral feelings, or particular propensities, had a fulness or
prominence in a certain part of the anterior, middle, or
posterior third of the cranium. By paying attention to the
principal characteristics of remarkable men, and the living
habits of animals, he found that this fulness or prominence
coincided in a number of cases ; and he concluded from this
that the function of brain which existed below the promi-
nence was the organ giving rise to the characteristic faculty.
He then sought to confirm his theory by anatomy, physi-
ology, and pathology

; and he and his disciples have accumu-
ated an immense number of these coincidences, which they
leheve sufficient to establish the phrenological theory.

But, proceeding on the principles which the phrenologists
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themselves have laid down, it is easy to show that the ex-

ceptions are as numerous as the coincidences ;
whilst the

other modes of inquiry to which we have alluded, namely,

anatomy, the results of experiments on living animals, and

the observations of the symptoms of disease as compared

with the appearances presented after death, not only give

no support, but are directly opposed to the views of Gall.

Thus, some remarkable skulls in the museum of the univer-

sity of Edinburgh are, on the principles of the phrenologists

themselves, entirely opposed to their doctrines. Of these,

among many, we would point to the skulls of Burke, Pepe,

and Plaggart,—the two former remarkable murderers, with

Destructiveness small ;
and the latter a most dexterous thief,

with Acquisitiveness small. Anatomy proves that, while

the lower vertebrate animals possess the anterior and middle

lobes of the brain well developed, which are said to be the

seat of the intellectual faculties and moral sentiments, they

are deficient in those parts where Love of Offspring, Adhe-

siveness, Destructiveness, and Combativeness are found,

facts wholly incompatible with the theory of Gall. In the

same manner, the great majority of facts derived from phy-

siological and pathological research give no support to phre-

nology. Although, therefore, this doctrine is unquestionably

founded upon a large number of data, it cannot lay claim to a

correct localization of the mental faculties in any way supe-

rior to other systems, which, like it, have been advanced by

ingenious men, excited attention for a season, and ultimately

abandoned as inconsistent with the present state of our

knowledge. The names of Gall, Spurzheim, and Combe,

notwithstanding, ought ever to be registered among those

whose labours have greatly contributed to advance our

knowledge of the physiology of the brain.

Function of the Cerebellum, Corpora Striata ,
Optic
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Thulami, and Corpora Quadrigemina.—These different

parts of the encephalon contain masses of ganglionic mat-

ter differently arranged, connected with the spinal cord

below and the cerebrum above. We have as yet no

means of determining with certainty the functions of each

ganglion, although it is probable that the cerebellum (dia-

gram, B, p. 120) is connected with the power of voluntary

combined movements, and the corpora quadrigemina (dia-

gram, E) with the sense of sight, but not exclusively so ;

for the corpus striatum (diagram, C) is also connected with

the one, and the optic thalamus (diagram, D) with the other.

The whole, perhaps, may be regarded as uniting together

the diastaltic function in connection with the head and
face ; and hence, as being an extension in another form
of the gray matter of the spinal cord into the encephalon.

Function of the Pons Varolii and Medidla Oblongata
(Diagram, F, G, p. 120).—These portions of the encephalon
possess the same function as the spinal cord, with the ad-
dition of being more essential to life, on account of their

being the centres (especially the latter) which furnish the
necessary power for maintaining the co-ordinate movements
of respiration and deglutition. It is by arresting respira-

tion, and paralysing the functions of the important organs
to which the vagi nerves are distributed, that sudden injury
to the medulla oblongata proves so rapidly fatal.

Function of the Spinal Cord (Diagram, FI, H).
This nervous centre receives and gives off the different
nerves which go to all parts of the body, and is the organ
necessary for combined motions, and conducting the sen-
sitive influences essential to sensation. These influences
are now known, principally from the experimental re-
searches of Brown-Sequard, to be conducted through the
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gray matter by means of nerve-tubes connected with the

ganglionic cells. If the influences reach the cerebral con-

volutions, and excite consciousness, sensation is the result.

If the influences originating in these convolutions, by an

act of volition, pass outwards to a special series of muscles,

voluntary motion is produced. But numerous combined

muscular actions may go on independent of volition or sen-

sation, and even when the brain is removed. I hese de-

pend on influences originating in physical irritations ap-

plied to an incident nerve, which are conducted throug 1

the spinal cord, and from it by excident nerves to the

muscles, the contractility of which is thereby excited.

The character of these movements gave rise to the idea

that they were connected with sensation, and indicated

pain. Thus, decapitated animals may be seen to strugg e

exactly as they would do were the brain entire. They en-

deavour to avoid the particular injury, push the irritating

instrument away with their paws, and writhe as it in agony ;

so that it is exceedingly difficult for a spectator to convince

himself that they are not suffering, and that such motions

are not connected with sensation. But we have previously

seen, and the slightest analysis of our own sensations and

mental operations will soon convince us that sen.at.on s

the consciousness of an impression. If t len t le

sitive and motor phenomena are produced mdependen o

brain as when it is present, we must e.ther b -
consciousness resides in the spinal marrow ' there

fore they are connected with sensation, or that res

in the brain, in which ease they must be

sensation. The former was the notton of WhyU, Hal e

Le Gallois, Prochaska, and others, who com

spinal movements with a so-called sensor, urn

was Dr Marshal. Hall who first clearly separated Urese func-

tions from cerebral or mental acts, and p at
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gether in the spinal cord. He pointed out that they were

independent of mind, and therefore not connected with

sensation. He classified them by themselves, under the

name of reflex, excito-motory, or diastaltic actions ; de-

scribed the laws by which they are governed, and their

universal application to the pathology and diagnosis of dis-

ease. We have previously seen that all such actions re-

quire a centre with incident and excident nerves communi-

cating with it, although the exact relation of these, as

explanatory of individual diastaltic movements, has not yet

been determined.

As examples of diastaltic or purely spinal motions, may
be enumerated,— Is?, Those constantly going on in the

eyelids when any object approaches them, in which case

the incident nerve is the palpebral branch of the fifth, and

the excident the orbicular branch of the seventh pair of

nerves. 2d, The closure of the larynx in every act of

deglutition, and in every effort to vomit, and as occurs on

the contact of a drop of water or a crumb of bread, &c.,

when the incident nerve is the superior and the excident

the inferior laryngeal. 3c?, The various movements asso-

ciated in the act of respiration, in which the incident nerves

are the sensitive branches of the fifth pair, of the pneumo-
gastric and spinal nerves, while the excident are the spinal

accessory and motor portions of the intercostal, diaphrag-

matic, and lower spinal. 4th, The different actions asso-

ciated in the act of swallowing, including those that occur
in the pharynx, oesophagus, and the cardiac orifice of the

stomach. The incident nerves are united with the exci-

dent in the pharyngeal, oesophageal, and cardiac branches
of the pneumo-gastric. 5th, Numerous actions connected
with the outlets of the body, as in defecation and expul-
sion from the urinary and generative organs, in which the
incident and excident nerves are united in the branches of
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the spinal nerves. 6tli, The movements of the foetus in

utero. 1th, Numerous complex actions, acquired at one

period, and performed afterwards automatically, without

exercise of mind, such as walking, playing certain pieces

of music on various instruments, &c. 8^, Instinctive ac-

tions of various animals, as the flying of migratory birds,

building their nests, construction of the honey-comb, &c.

9th, All the spasmodic and convulsive actions of the body,

including vomiting, choking from the presence of a foreign

body in the larynx or pharynx, nervous twitching of the

limbs, convulsions of parts of the whole body in chorea,

hysteria, epilepsy, and rigid spasms of tetanus, &c. &c. In

these four last kinds of actions, the sensitive nerves of

various parts of the body are the incident, and the motor

the excident nerves.

These diastaltic actions, though spinal and independent

of mind, may, to a certain extent, be controlled by the

will. Thus the sudden contact of hot or cold bodies to

the skin, the prick of a pin, &c., if unexpected, will cause

starting ;
but if a resolution be formed not to do so, this

effect may be prevented. This influence is exercised over

different muscles in different degrees ;
and it varies in

persons from constitutional and unknown causes. Other

spinal actions apparently require the co-operation of the

mind, such as coughing, sneezing, laughing, sobbing, yawn-

in- and hiccough. In these cases it frequently happens

that the most determined effort of the will fails to control

them ;
whilst arresting or withdrawing the attention checks

them at once. Hence we have one class of motions purely

voluntary, and another partly voluntary and partly spinal,

such as coughing, laughing, sneezing, &c., which it is c i
-

cult to conceive being produced without a certain mental

effort. Then we have a class of motions altogether invo-
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luntary, wholly spinal, which may be carried on for a cer-

tain time in a decapitated animal.

Functions of the Cerebro-Spinal Nerves.—1 here are

generally enumerated, after Willis, nine cerebral pairs and

thirty-one spinal pairs of nerves. (See left side of diagram,

p. 120.) All the so-called cerebral nerves, with the ex-

ception of the first pair, which is in truth a ganglion, may

be regarded as belonging to the cranial portion of the spinal

cord. The first pair of nerves, called the olfactory

,

serve

to receive and convey the influences excited by odours on

the Schneiderean membrane of the nose, to which it is dis-

tributed, direct to the brain, to produce the sensation of

smell. The second pair, or optic nerves, receive and convey

to the brain the influences excited by light, so as to produce

the sensation of sight. The third pair ofnerves, of the mo-

tor nerves of the eyeball
,
are purely motor, and regulate all

the movements of the eyeball, except those which depend

on the external rectus and superior oblique muscles. The

fourth pair of nerves, or pathetic, also called trochlear, are

purely motor, and govern the movements of the troch-

learis, or oblique muscle of the eye. The fifth pair of

nerves, called trifacial or trigeminal, divide into three

branches,—two of which are purely sensitive, and the third

is senso-motory. The sensitive branches terminate in the

face, and communicate sensibility to the skin, various organs

of the head, and to the external parts of the organs of

special sense. It is also the great excitor nerve of these

parts. Its communications also with the ganglia of the

sympathetic system render its integrity of the greatest im-

portance to various excito-motory, excito-sensory, and

excito-nutrient actions of the head and face. The non-

ganglionic branch distributed to the muscles of the jaws is

motor, and governs the movements of mastication. The
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sixth pair of nerves, called abducent
,
are motor, and govern

the motions of the external rectus muscle of the eyeball.

The seventh pair of nerves are composed of two parts, which

are really separate nerves. The hard portion, orfacial nerve

,

is motor, and governs the movements of all the muscles of

the face. The soft portion, or auditory nerve, transmits the

influences of sound through the internal ear to the brain,

to produce the sensation of hearing. The eighth pair of

nerves are divided into three branches,— ls£, The glosso-

pharyngeal, distributed to the root of the tongue and

pharynx, is a nerve of sensibility, administering to taste

and touch in the former situation, while it is the great

excitor in the act of deglutition in the latter. 2d, The

second branch is the par vctgum, or pneumo-gastric nerve,

and is distributed to numerous important parts, its branches

having different functions. As a whole, it is a motor and

sensitive nerve, and contains incident and excident fila-

ments. The pharyngeal and inferior laryngeal branches

are wholly motor ;
its superior laryngeal branch is the sen-

sitive nerve of the larynx, but is mixed with a few motor

filaments, which supply the crico-thyroid muscle ; the car-

diac, pulmonary, oesophageal, and gastric branches are sen-

so-motory. It also forms most important connections with

the sympathetic system of nerves ; and, like the fifth, is in-

strumental to numerous excito-motory, excito-secretory,

and excito-nutrient functions of the neck, chest, and abdo-

men. M, The third branch of the eighth pair, or spinal ac-

cessory, is a motor nerve, the external division supplying the

external muscles of respiration ; the sterno-mastoid and tra-

pezius, and the internal division, adding motor filaments to

the vagus. The ninth pair of nerves, or hypo-glossal, is the

motor nerve of the tongue. There are thirty-one pairs ol

spinal nerves, all of which are senso-motory, the posteiior

ganglionic root being sensory, and the anterior motor.
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These, united, form a compound nerve, containing sen-

sitive and motor filaments necessary for sensation and com-

bined motions, including incident and excident filaments in

connection with distinct portions or arcs of the spinal cord

as centres of diastaltic movements.

Functions of the Sympathetic Nerves.—This system of

nerves has also been called ganglionic
,
organic

,
and tri-

splanchnic. It consists essentially of a number of ganglia

containing numerous nerve-cells, communicating by one

series of connecting nerve- tubes with each other, and by

another series with the cerebro-spinal nerves. (See right

side of diagram, p. 120.) The ganglia are arranged, accord-

ing to their situation, into cephalic, cervical, thoracic, and

abdominal ;
while the connecting filaments forming plexuses

have received numerous names in different parts, such as

carotid, cardiac, diaphragmatic, supra-renal, hepatic, splenic,

superior and inferior mesenteric, &c. &c. The connection

between the cerebro-spinal nerves and those of the sympa-

thetic system is indirect through ganglia, which break the

conducting power of the nerves or modify it,—probably

both. Under ordinary circumstances, no act of volition or

of the mind can induce movements in parts supplied by the

sympathetic ; but under peculiar circumstances, or under

the influence of unusual stimuli, movements are induced.

Thus the emotions and desires, shame or fear, influence the

movements of the heart and the contractile power of the

capillaries, which an effort of volition cannot do. Such re-

sults are only explicable by the connection of the sympa-

thetic system with nerves coming direct from the brain.

Direct irritation of the sympathetic ganglia will also cause

movements in the non-voluntary muscular parts receiving

filaments from them. In the same way, for the most part,

the internal organs and surfaces supplied by these nerves
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are not endowed with ordinary sensibility, and the mind

is unconscious of their action ; but occasionally very severe

pain is produced from their being the seat of disease, as in

certain agonizing pains of the heart (angina pectoris), in the

intestines (colic), in the stomach, liver, kidneys, &c. &c.

Thus, although in health the sympathetic system so diffuses

the influences conducted that they are not obedient to or

excite mental acts, there is abundant proof that the cerebro-

spinal filaments passing through the ganglia are constantly

operating, although insensibly, in subjection to the cerebro-

spinal centres. The ganglia, however, not only diffuse the

influence of impressions coming from and sent to the cere-

bral and spinal centres, but they are nervous centres them-

selves, and especially centres of numerous reflex acts in

non-voluntary muscles.

In addition to this excito-motory function of the sympa-

thetic system, there is another of great importance, recently

denominated by Dr Campbell of the United States excito-

secretory. We have previously seen, however, that secre-

tion in glands is only a form of nutrition ; and the influence

of this system would appear not only to be exerted on

glands, but on blood-vessels and nutrition generally. It is

therefore also excito-nutrient, and carried on wholly inde-

pendent of the cerebro-spinal system. Thus it has been

shown by Sir B. Brodie that division of the crural and sci-

atic nerves neither retarded nor impaired wounds and frac-

tures of the inferior extremities ;
while numerous modern

experiments have proved that injury to the large sympa-

thetic ganglia occasion the most destructive effects to the

nutrition of the parts which receive nerves from them.

The recent experiments of Brown-Sequard and Harley

on the supra-renal capsules, have shown that it is difficult

to preserve animals if the semilunar or solar ganglion be

much injured in the operation ;
but if this be avoided, ani-
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mals can live without the supra-renal capsules for a length

of time. Again, as illustrative of the general influence of

the sympathetic system over nutrition, is the fact that cer-

tain foetuses have been born with well-developed textures,

without a brain or spinal cord, in the same manner that

many of the lower animals are destitute of these organs.

As local examples of this excito-secretory and excito-

nutrient function of the sympathetic system of nerves, may

be cited,— 1st, The effusion of tears from the lacrymal

gland on the application of an irritant. In this case the

incident nerve is the palpebral branch of the fifth, and the

excident or secretory the lacrymal branches from the carotid

plexus. 2c?, The secretion of saliva on irritation of the

gums, or exciting the mouth by food and mastication. Here

the incident nerves are the buccal branches of the fifth, and

the excident or secretory the parotid branches derived from

the carotid plexus. 3c?, Dentition in infants and children

give numerous examples of excito-secretory and excito-

nutrient actions. Thus, from tender gums, and irritation

of the dental branches of the fifth, the,- eye may become

lacrymose and congested ; the Schneiderean membrane

congested, and its secretion increased ; while diarrhoea is

one of the most common symptoms. In these cases the

excident nerves are derived from the ciliary and Meckel’s

ganglia, distributed to the conjunctiva and Schneiderean

membranes, and through the splanchnic, with the intestines.

4th, The process of lactation exhibits the remarkable in-

fluence of excitation applied to the sensitive surface of the

nipple. This, when grasped and suction made upon it by
the infant, not only occasions increased flow of milk, but

causes that peculiar feeling of the rush which mothers de-

scribe, and which is apparently owing to congestion of the

blood-vessels. Keeping up the flow of milk by constant

milking long after it is required for suckling, as is constantly
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done for domestic purposes among our cattle, is an excel-

lent example of the power of exciting such secretions

locally. 5th, The secretion of starch from the liver, and

its ready transformation into sugar, is influenced by irrita-

tions of branches of the eighth pair in the lungs, and by

direct injury of the pneumo-gastric nerves, through the

sympathetic branches of the cceliac and solar plexuses going

to the liver. 6th, The results of section or destruction of

the cervical ganglia by Petit, Dupuv, Bernard, and others,

and the effects of galvanism applied to the cut extremities

of the ganglionic trunks by Brown-Sequard, exhibit how

the former injuries cause redness and increased heat in the

neighbouring parts, while the latter cause paleness and

coldness. This is accomplished in the last experiment by pro-

ducing contraction or spasm, and in the first by occasioning

enlargement and paralysis of the extreme vessels, and thus

influencing nutrition. Further examples may be sought in

the influence of excitants on all secretions—in the growth

of the foetus in utero, the phenomena resulting from shock

after injuries, and in numerous diseases, especially of fever,

inflammation, cholera, cutaneous eruptions, fxc. &c.

It follows that the great functions of the sympathetic

system of nerves are,— 1 st, Excito-motory, thereby legu-

lating the contractions of the non-voluntary muscular fibres ;

2d, Excito-secretory, whereby the various secretions are

governed ;
3d, Excito-nutrient, operating more especially on

the blood-vessels, and thereby regulating the circulation in

the capillaries.

SPECIAL SENSES.

The nature of sensation has already been dwelt upon ;

and it has been shown to depend essentially on the exist-

ence of mind, or the consciousness of impressions made on
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the sensitive nerves. The impressions which result from

the stimuli of odours, sapid bodies, contact of hard or irri-

tating substances, of light and of sound, are different. For

the reception of these also, nerves with peculiar endowments

are provided ; and to these are added a special structure

or organ adapted for the purposes of smell, taste, touch,

vision, and hearing. Much discussion has taken place as

to whether a sixth sense exists, viz., a muscular sense, or a

sense of weight. Two masses of matter apparently similar

may be undetectable by sight or touch, but when balanced

in the hand, are at once recognised by their difference in

weight. Whether this sensation is dependent on the

muscles or joints, is doubtful; but that it is distinctive and

peculiar, cannot be questioned.

Smell.—The acuteness of scent varies in different ani-

mals, and bears a certain relation to the size of the nostrils

and turbinated bones, being greater where these are large

and extended. Odours which depend on substances sus-

pended in the air, when in an extremely fine state of divi-

sion, thereby obtain more ready access to the membrane on

which the olfactory nerve is distributed. This in animals

that live in air is accomplished by the act of inspiration.

Hence suspension of respiration prevents the perception of
odours ; whilst repeated quick inspirations, as in the act

of sniffing, renders it more intense and prolonged. It is

necessary that the mucous surface covering the expansion
of the olfactory nerves should be moderately moist ; for if

it be too dry on the one hand, or too moist on the other,

the sense is impaired or lost. The situation of the sensitive

surface high up in the nostrils secures it from the direct

contact of air, so as to prevent rapid evaporation and dry-
ness ; while the convolutions of the turbinated bones, over
which the currents of air pass before reaching the seat of
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special sense, communicate heat to them, and thus prevent

the action of cold. The sense of smell may be exalted,

perverted, or lost. It is apparently increased by education,

of which the case of James Mitchell is an interesting

example. This boy was born blind and deaf, and chiefly

depended on smell for keeping up a connection with the ex-

ternal world. He employed it on all occasions, like a domes-

tic dog, in distinguishing persons and things. In some cases

smell is exceedingly acute for particular substances, so as

to be intolerable and distracting to those who suffer from

it. Certain flowers or particular odours have in this way

caused fainting or other bodily disorder. In other cases

the smell is perverted or diminished, and occasionally is

lost, as when the Schneiderean membrane is inflamed,

or very rarely from congenital absence of the olfactory

nerve.

Taste.—This sense is dependent on the fifth and glosso-

pharyngeal nerves —the former distributed to the two an-

terior thirds, and the latter to the posterior third of the

tongue. This organ is covered over with minute pro-

minences, which, when magnified, present four P™pa

forms, viz.,— 1st, Simple papillae ;
2d, Conical or hliform

papillae ;
3d, Fungiform papillae ;

and 4th, Circumvallate or

calciform papillae. It is supposed that the two former are

more especially concerned in the sense of touch, with which

the tongue is also highly endowed ;
whilst the two latter, but

particularly the last, constitute more especially the appa-

ratus of taste. Sapid bodies pressed against these papillae

,ove rise to impressions which, when transmitted to the

brain, occasion the peculiar sensation The sense is

more acute in some persons than in others ;
may be ren-

dered more so by education, as is remarkably well oo-

served in wine tasters ;
and is diminished or lost in febrile or
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other disorders which alter the condition of the mucous sur-

face of the tongue and mouth.

Touch .
—This sense is dependent on the nerves of com-

mon sensibility distributed to all parts of the surface. But
here also we observe that a distinct structure is necessary

for the manifestation of the peculiar property. This con-

sists in the papillae of the true skin, which are variously

modified in different parts of the body, in proportion to the

acuteness of the sense. The experiments of Weber and
Valentin have shown that the extremity of the third finger

and the point of the tongue are the parts most sensitive, as

in these places the difference of half a line between the

points of a pair of compasses could be distinguished. Next
in sensitiveness to these is the mucous surface of the lips,

whilst the parts in which touch is least acute are the
neck, the middle of the back, and the middle of the arm and
thigh. In the papillae of the fingers and a few other places
minute indurated bodies of condensed fibrous tissue have
been recently discovered, called the touch bodies of Wag-
ner, which have been supposed capable of rendering this

sense more acute. They are in immediate relation to a
nerve ; and the well-known effects of pressing such nerve
against a hard body, as in the case of a corn, may well be
supposed capable of exalting the sensibility.

Sight. This sense is dependent on the optic nerve, and
a very complex apparatus, consisting, in man,— 1st, Of ex-
ternal protective parts; 2d, Of a set of muscles destined to
move the organ of vision in various directions; 3d, Of the
expansion of the nerves, and the addition of a ganglionic
structure, whereby the rays of light are received, and the
influence of the impressions they excite conveyed to the
brain

; and 4th, Of an optical apparatus, consisting of

K
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transparent media, which refract the rays of light upon the

retina. The eyeball itself consists of an external fibrous

coat, a middle or vascular coat, an internal or nervous coat,

and of contents composed of refractive media. A minute

description of these parts is purely anatomical. All that

need be referred to here is the function,—Ut, Of the in-

dividual parts; and 2d, Of the entire organ as subser-

vient to the sense of sight.

1. The external protective parts, composed of the eye-

brows, the eyelids, and eyelashes, serve to shade the eye

from excess of light, to diffuse over the cornea the seba-

ceous matter and lacrymal fluid, whereby the suiface is

kept ductile and moist ;
and lastly, to prevent the access o

dust floating in the atmosphere. These different actions

are for the most part involuntary, and carried on partly by

the cerebro-spinal, and partly by the ganglionic system o

nerves performing excito-motory, excito-secretory, and

excito-nutrient functions. The watery fluid secreted by

the lacrymal gland, and which is diffused over the anterior

surface of the eye by the motion of the lids, keeping 1

moist and translucent, is conducted by two openings in the

inner corner of the eye through the lacrymal duct into the

nose, from whence it is discharged. 2. The eye-ball has a

remarkable amount of mobility, in consequence ot six

muscles, four straight and two oblique, which act upon it m

various ways. They are supplied b, the thud, fourth, »d

sixth pairs of motor nerves, and by a sensitive branch ofThe

fifth pair. The object of so many nerves being distributed

to them seems to he the correction or prevention of the simul-

taneous action which would bike place in the two eyes if aU

their muscles were supplied by branches ot <he same nerve.

3 The optic nerve, on entering the eyeball, is a little

pressed, but on reaching the internal surface branches out

IXm a membrane. On the inside of tins membrane,
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however, are placed several layers of ganglionic cells, and
externally, a membrane (Jacob’s membrane) composed of

minute columns or rods, standing vertical to the retina, and
composed of a structureless, transparent substance like glass.

The whole retina is transparent, and it is now supposed that

the rays of light pass through it backwards, and are re-

flected by these rods, or Jacob’s membrane, forwards to the

sensitive branches of the optic nerve, which conveys the

influence of the impressions so excited to the brain, to pro-

duce the sense of vision. For this purpose, the rods ap-
pear to be connected with the filaments of nerve by means
of connective fibres. 4. The optical apparatus consists of
four lenses of different structures, densities, and curves,
filling up the substance of the ball, and forming, with the
stiong external case, or sclerotica, a perfect achromatic
camera obscura. The most anterior of these lenses is the
cornea, composed of condensed epidermis resembling horn

;

and hence its name. The second lens, proceeding back-
wards, is composed of a watery fluid, or aqueous humour,
principally accumulated between the cornea and the iris.

The third lens is the crystalline,—one of the most remark-
able bodies in nature,—composed of concentric laminae,
like those of an onion, united by serrated or notched sur-
faces, and increasing in density from the circumference to
the centre. The fourth lens, or vitreous humour, is of
gelatinous consistence, fills up the large proportion of the
ball, and appears to be a watery fluid inclosed within
fibrous meshes of the greatest tenuity and fineness. These
horny, watery, glassy, and gelatinous lenses, united, fulfil all
the conditions optically required to produce achromatism so
perfectly as to set the optician’s art at defiance. In addi-
tion to the lenses, the eyeball is lined by a black opaque
membrane, the choroid, to absorb unnecessary rays of
light, the entrance of which is further regulated by a move-
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able aperture in the contractile iris, called the pupil, which

is operated upon by excito-motory influences, so as to pro-

duce its contraction or enlargement.

In regarding the entire eye as an organ of vision, there

are various points which deserve consideration. Among these

ar6) i . The means by which the apparatus is so readily ac-

commodated to various distances. On this subject numerous

theories have been advanced, all of which answer the pur-

pose, if the truth of certain data be granted. It has been sup-

posed that the curvature of thecornea is changed ; but tlnshas

not been demonstrated. It has been imagined that the cur-

vature of the lensischanged; a view which has in recent tunes

a-ain been supported by the observations of Kramer. It has

been thought that the lens is drawn forward by a contractile

^voluntary muscle—the ciliary muscle—or is pushed
nonnow i — j

-

forwards from behind by the turgidity of the ciliary processes.

Some have thought that the contractions of the ins have

much to do with the focal adaptation of the eye ;
and others

that it is owing to the pressure on the eyeball of the external

muscles which move it. The question is still undecided. -

The natural power ofadaptation is interfered with in myopia

or short-sightedness; in presbyopia, or long-sightedness ;
and

in amblyopia, or a peculiar dimness of vision The first i»

owing to too great curvature of the lenses, and is corrected

by concave glasses in spectacles ;
the second is produced by

too little curvature of the lenses, and is corrected by con-

vex glasses in spectacles; the third is owing to altered

shape or oblique position of the lens, and » corrected by

the use of cylindrical glass lenses. 3. Another pervers.

of vision consists of what is called colour-blindness, or Dal-

tonism. Some persons cannot distinguish colours at all,

everything appearing shadowed or light, like an engraving.

OthL cannot see brown, gray, or neutral tints; whilst

third class confound red, blue, and yellow win grc
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purple, orange, and brown. Red, blue, and yellow are

never confounded with each other ; but red and green are

most commonly so. This condition may be dependent on

some fault in the nerves of vision, possibly in the retina,

and more especially in the refractive rods
;
or it may be

owing to some change in the refractive media or lenses.

But the theory is not yet determined. 4. All objects re-

fracted on the retina are inverted, and yet we see them in

their natural position. To explain this fact, it has been

supposed that during infancy this sense, with all the others,

undergoes a slow education, and that one so corrects the

aberrations of the others that gradually we learn to recog-

nise things as we do. The case of Cheselden, who operated

on a young man successfully who had been born blind, in

consequence of congenital cataract, contains many facts in

favour of this view. 5. The circumstance of our seeing

one object, although we receive two images in the two eyes,

is explained by the regular action of the muscles of the

eyeball. When this is deranged, as in squinting, or from

the use of narcotics, we see double. Sometimes only half

or a part ofan object is seen ; a circumstance attributed to

paralysis of a portion of the retina, or to some disorder of

the brain connected with the terminations in that organ of

tile optic nerves. 7. The retina, at the point where the

optic nerve enters it, is insensible
; whereas the foramen of

Sommerring, in the direct axis of the eye, perfectly transmits

the rays of light. This aperture, however, is not deficient

in Jacobs membrane; a circumstance which points out
the great importance of that structure as a sensitive me-
dium. 8. An impression made on the retina remains a cer-

tain time. This is proved by looking at a dazzling light or
bright colour, and observing that, on turning away the head
suddenly, it continues for a longer or shorter period. 9.
Some persons are subject to ocular spectra. Remarkable
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objects, inanimate or living, may appear before them,

and have all the aspect of reality. They always depend on

a state of nervous exhaustion, from ill health, mental de-

pression, or the use of certain drugs, as alcohol, opium, or

other narcotic substances.

Hearing .—It is necessary for hearing that certain oscil-

lations in the air, water, or solid bodies should reach the

expanded filaments of the auditory nerve, and that the in-

fluence of impressions so produced should be conveyed to

the brain. This is accomplished through the medium of a

very complicated organ or acoustic apparatus, the ear, for a

description of which we must refer to works on anatomy.

The most essential part of the organ is the vestibule, that

exists in every class of animals in which an auditory appa-

ratus is to be detected. There also the principal expan-

sion of the auditory nerve takes place, and there it is

brought into connection with the vibrations of sound from

the exterior. In man, such is the complication ofparts super-

added to the vestibule or central ear,—viz., the cochlea anti

semicircular canals,—that the whole is denominated the

labyrinth. It consists of chambers and canals hollowed out

in the solid part of the temporal bone, containing a fluid, in

which various branches of the auditory nerve are ramified,

and so arranged that the slightest vibration communicated

to the fluid must affect the nerve. In man, sonorous vi-

brations reach the labyrinth in two ways:— lrf, Through

the external ear ;
and 2d, Through the bones of the head.

The ticking of a watch is heard as distinctly when placed

between the teeth as when applied to the ear, and the note

of a tuning-fork, when it can be no longer heard by the

ear, again gives rise to sound when placed in contact with

the teeth. It is by the direct vibration of the bones of the

head also that we become cognisant of the sound of our
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own voices. It has been supposed that the cochlea is

that part of the labyrinth more immediately connected with

those direct vibrations ;
whilst the vestibule and semicircu-

lar canals is that portion of it which enables the nerve to

receive vibrations from without, indirectly, through the air.

These latter vibrations, however, are diminished or inten-

sified by means of the external and middle portions of the

ear. The former, or auricle, serves to collect the sounds,

and convey them through the short channel, or meatus, to the

membrane or drum of the ear, which closes it internally.

In this passage a number of ceruminous glands pour out a

waxy secretion of a bitter taste, which, with the hairs that

grow from it, serve as a very sufficient protection from fo-

reign bodies, and especially insects. The membrana

tympani, or drum of the ear, is connected with one end of a

chain of small bones (called the malleus
,
incus, and stapes),

which pass across the middle ear, or cavity of the tympa-

num
; the other being attached to a membrane which closes

the oval opening into the cavity of the vestibule. These
moveable bones render the membranes tense or lax ac-

cording to the intensity of the sonorops vibrations impinged

upon them. This is accomplished through the agency of

minute muscles which contract according to the influences

transmitted by a series of excito-motory nerves. Hence
this part of the apparatus is admirably adapted to carry the

nicest vibrations in such a manner as will enable them best

to conduce to the production of impressions on the auditory

nerve. The cavity of the tympanum or middle ear is filled

with air, which passes through the Eustachian tube. This
not only permits the free vibration of the chain of ossicles,

but further serves to keep the air of a uniform temperature
;

a circumstance of the greatest importance to the continu-

ance of good hearing.

There is much similarity between the laws which govern



144 NORMAL PHYSIOLOGY.

the reception and reflexion of sonorous vibrations and of

rays of light ;
and, looking at the means necessary to effect

this, there is a close analogy between the ear and the eye

as organs of hearing and vision. 4 he intensity of light and

of sound are both regulated by muscular parts, independent

of the will, operating through a ganglion and excito-motory

nerves ; the ciliary resembles the cochlear muscle, and the

reflecting-rods of Jacob’s membrane have their analogue in

certain vibratory rods attached^to the acoustic nerve where

it is expanded on the lamina spiralis of the cochlea. But

not to carry the comparison further, it may be noticed, that

impressions made on the auditory nerve, like those on the

retina, remain a certain time, as is shown not only by in-

terrupted vibrations producing continuous musical tones,

but by the experiments of Savart, who found that the le-

moval of one or more teeth from toothed wheels when in

motion occasioned no appreciable difference of sound.

VOICE AND SPEECH.

Voice is a function of the larynx, while speech is per-

formed by the tongue, lips, and cheeks, in conjunction with

the larynx. An anatomical description of this organ is

here unnecessary. All that need be said is, that it is

composed of a tube made up of cartilages, which are

connected together by ligaments, and moved upon one

another by muscles. In the interior of the tube is a nar-

row chink in the shape of the letter V, having the point

forwards, formed by two folds of membrane called the

vocal cords, which, thrown into vibration by the air rushing

from the lungs, give rise to sound. Different degrees of

tensity are given to these cords; and the chink, or nma, o

the glottis is widened or narrowed by the various muscles o

the larynx, and by the position of the cartilages; points
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that can only be understood by a careful study of the

organ, which, in construction, resembles the mouthpiece oi

a clarionet or hautboy.

Voice.—Nearly all air-breathing animals possess a voice;

in man and a few birds only can it be so modified as to be

capableofproducingarticulation. The vocal cords arecaused

to vibrate by the currents of air coming from below, and at

once lose this power by destruction of the laryngeal nerves,

which, by paralysing the muscles that regulate their neces-

sary tensity, prevents their vibration and the production of

sound. These vocal cords, therefore, are the essential parts

of the organ of voice. Their tensity is varied sometimes

by muscular action, and sometimes by the column of air.

Thus, to produce low notes they are relaxed, and even

wrinkled when at rest, but obtain the necessary degree of

stretching by the pressure of the column of air. High

notes, on the other hand, are caused by producing great

tensity of the cords, and narrowing of the glottis; and inter-

mediate notes, by intermediate degrees of tensity, and nar-

rowing. The quality as well as the compass of the voice

varies in different persons. In the male the deepest is the

bass, the highest the tenor, and the intermediate the bari-

tone. The corresponding tones in the female are the con-

tralto, the soprano, and the mezzo-soprano. In men, owing

to the prominence of the thyroid cartilage, the vocal cords

are longer than in the female, as 3 to 2 ; and his voice in

consequence is deeper, and in the musical scale an octave

lower. Boys have treble voices, like women ; but as man-
hood approaches, the thyroid cartilage undergoes a change
in its form, and while doing so the voice is cracked or

broken. Afterwards it becomes manly and deep ; so that

the highest soprano of a boy may be converted into the

deepest bass of the man. Male voices also possess two
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series of notes,—chest or true notes, and false or falsetto

notes. How the latter are produced is unknown. The

strength of the voice does not so much depend upon the

current of air, as upon the strength and accuracy <4 the

muscular movements regulating the vocal cords. Hence

why practice, which gives accuracy and tone to the muscles,

is of such importance in the schools of singing.

Speech .—The voice, so modified by the additional ac-

tion of the tongue, cheeks, and lips, as to signify objects,

actions, and the properties of things, constitutes language.

Languages vary greatly as to the sounds which enter into

them, and hence the difficulty persons who have been

educated in one, experience in learning others. W ords,

however, may be produced by the mouth and fauces alone,

without the voice. This is whispering. Hence there may

be speech without voice, as there is voice without speech.

Vocal language, however, can only be accomplished by the

combined use of the laryngeal and oral apparatuses. Ar-

ticulate sounds are divided into vowels and consonant*.

Vowels are formed in the larynx, whilst consonants are pro-

duced in the air-passages above it. Many of these last,

however, cannot be uttered unless the elements of a vowel

are pronounced with them consonantly ;
hence their name.

Thus g and k are formed of the vowels e and a, modified

by the oral aperture. It is by different degrees in the

opening and contraction of the mouth and oral canal

that most continuous sounds are formed ;
others are sudden

and momentary, cannot be sustained, and are called explosive

sounds, such as h, p, d, and g. Hence they are difficult to

pronounce well in singing; and this is why the Italian an-

gua^e, in which they are seldom heard, is so much better

adapted to songs than English or German. W hen the laryn-

geal and oral parts of the organ of speech cannot be com-
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bined, some letters, especially the explosive ones, as t and p,

are not consonant with the vowel ; and stammering is the

result. It is to be corrected by a careful study of the mode

of pronouncing the various consonants, with constant prac-

tice—avoiding hurry and nervous agitation, which render

all muscular action uncertain. Ventriloquism is speaking

without giving external evidence of utterance, and keeping

the oral aperture immoveable while the attention of the

audience is directed as much as possible to the thing or

place from which the voice is supposed to come.

SLEEP—DREAMS—SOMNAMBULISM—MONO-IDEISM.

Sleep is that temporary suspension of the cerebral

functions which in animals alternates with their exercise

for a certain time, which suspension, however, is capable of

interruption on the application of stimuli to the sensory

nerves. Unless this last condition could be carried out, the

individual would labour under coma, syncope, or asphyxia,

—

states more or less allied to sleep. All action in the living

economy produces waste of tissue ; and hence the necessity

of rest in order that substance may be added. The cerebral

functions, especially, are governed by this law, and we are

obliged to submit to their suspension for a certain period,

which is natural sleep. On awakening, we feel refreshed ;

greater strength is imparted to the muscles, higher sensi-

bility to the nerves, and greater power to the mind. Sleep
is more or less profound according as the body is more or

less fatigued, and according to the constitution of the in-

dividual
; as in some persons it is naturally light, whilst

in others it assumes a soporose character. Habit and tem-
perament also exert a strong influence over sleep, some
persons falling into or arousing from it at particular hours,
independent of all other circumstances. Its invasion
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may be sudden or gradual. As a general rule the senses

and reasoning faculties sleep first, whilst imagination and the

lighter ones remain longer awake. We may also awake

suddenly; but there is usually an intermediate condition be-

tween sleep and waking. It is in these intermediate con-

ditions that the sleep is lightest, and that persons can be

aroused with the greatest facility. The amount of sleep

required by man varies according to age, temperament,

habit, and previous fatigue. In infancy and extreme old

age life is almost a continuous sleep. In adults there is no

rule, some persons requiring more and some less. The

average period spent by mankind in sleep is eight hours

in the twenty-four, being one-third of human life.

Dreams.—Not unfrequently while some mental facul-

ties are suspended others are still active, and are busy with

numerous ideas, which succeed each other with more or

less regularity. This is dreaming. There is an absence

of consciousness regarding external things, and a want of

control in regulating the current of thought ;
so that the

principle of suggestion—that is, one thought calling up an-

other in a certain sequence—has unlimited governance

of the mind. In some rare cases the dreaming thoughts

are very consistent and vivid, but generally speaking

they are more or less confused or incongruous. Not

unfrequently, when seemingly in danger, we are governed

by an intense desire to escape from it, while we possess an

agonizing consciousness that we have not the slightest power

to do so. This is incubus, or nightmare. Another curious

circumstance is the rapidity with which, when dreaming,

trains of thought pass through the mind, the events ot years

being apparently compressed into moments. The most

mentally agitating dreams need not occasion the slightest

change of position or muscular movement, although some-
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times they produce restlessness, various gestures, or emo-

tional indications. But when the ideas of a dream govern

the motions and conversation of an individual, while the

memory and other faculties of the mind are still so sus-

pended that on awakening he is quite unaware of what

has occurred, the condition is called somnambulism .

Somnambulism .—The peculiarity of this state consists

in the mind being wholly occupied with one idea or train

of thought, to the exclusion of all other considerations.

Thus there may be complete insensibility to bodily pain,

to loud sounds, flashes of light, or other ordinary stimuli

;

although whatever is spoken or done in harmony with the

subject thought of is heard and appreciated, often with

unusual acuteness. We can frequently change the current

of the ideas by audibly suggesting others, when all the

feelings and emotions in connexion with the new subject

are called into action, to the exclusion of those which pre-

viously existed. Thus if the attention be strongly fixed on

a distant object, impressions made on the skin will not in-

duce sensation ; but if the attention be directed to the

skin, its sensibility often becomes wonderfully excited, and

pain is experienced from the contact of bodies that, under

ordinary circumstances, would scarcely be felt. The same

rule applies to all the other senses. In the same manner

the reasoning power is often increased on a particular point,

and a variety of things performed, or movements gone

through, that the individual otherwise could never have ac*

complished. Some men perform all the acts which at

the time are suggested to them, or describe the various

scenes which in imagination are placed before them. In

this way a somnambulist may be made not only to think

and converse on any subject, but to go through any kind

of action, however ridiculous or even fatiguing. He will
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place himself under every variety of condition presented

to his mind, and perform the appropriate motions, as well

as give utterance to the ideas which such conditions would

naturally give rise to. Thus he may be made to hunt,

swim, fight, appear intoxicated, visit distant cities or lands,

&c. None of these acts and ideas are remembered in the

ordinary waking condition, although when again thrown

into a similar state, they may be taken up and continued.

Such a person may be said to have two kinds of memory,—

one when awake, and one when dreaming; or, as it has been

called by some, a double consciousness. Somnambulism

may come on involuntarily, at regular or irregular periods,

or it may be excited artificially. In either case it may be

accompanied by various nervous phenomena, denominated

catalepsy
,
trance,

ecstacy, and so on.

Mono-ideism .—Dreaming and the phenomena of som-

nambulism may be excited in some persons artificially, when

the acts of the mind, sensation, and motion may be com-

pletely governed by means of suggestive ideas, even al-

though the individual be conscious. 1 his state has been called

mono-ideism. (Braid.) The mode of effecting this is to cause

a certain number of persons to fix their attention on a small

object, as a coin, or.submit to have monotonous passes made

with the hands before their face. On an average, at least

one person in twenty so treated feels in a shorter or longer

time, first a mistiness of vision or stiffness in the eyelids,

and occasionally deep-drawn sighs, hurried respiration, and

signs of general excitement are visible. If now such per-

sons are respectively told in a confident manner that they

cannot open their eyes, it will be found that they cannot do

so, especially if their attention be more strongly directed

to’the eyelids by touching or by pointing to them. But on

receiving permission, or on being commanded to open them,
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this is done at once. Such persons may now, as in certain

cases of somnambulism, have every kind of motion, sensa-

tion, or mental act produced, governed, or arrested, accord-

ing to the endless train of suggestive ideas that may be com-

municated to the individual. Many of the lower animals

also appear to be susceptible of being impressed by what

strongly arrests their attention, in such a way that they are

rendered incapable of voluntary motion, or irresistibly im-

pelled towards the object. Hence the long glittering bodies

of serpents, or the glaring eyes of other animals, fascinate

birds and small quadrupeds, and render them an easy prey

to their enemies. Similar effects are produced in indivi-

duals who look from heights and precipices, and experience

an uncontrollable desire to leap down, although it be to cer-

tain destruction.

Like phenomena have occurred in all ages, produced

in certain persons by predominant ideas, and variously mo-

dified according to the education, politics, or religion of the

period. Thus the effects produced on many votaries during

their initiation into the ancient mysteries ; the ecstacies of

the Pythian and other priestesses ; the influence of reli-

gious enthusiasm ; the dancing epidemics of St Vitus or

of Tarantism in the middle ages
; the hallucinations of the

Convulsionaires at the tomb of St Medard, in Paris, &c.

&c., are of the same character. Numerous perversions of

the nervous functions, identical in their nature with those

described, consisting of sensory illusions, muscular convul-

sions or rigidity, and peculiar trains of thought influencing

acts and conversation, may be found in the histories of

witchcraft or demonology, in the legends of the saints, the

journal of Mr Wesley, and in the accounts given by travel-

lers of the religious camp-meetings in the woods of Ame-
rica. They are perhaps more common now than formerly,

and excite even more astonishment among the ignorant
; the
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only difference being, that the same phenomena, which in a

dark age were attributed to divination or incantation, now

assume the garb of science, and are ascribed to magnetism

or electricity.

It is unnecessary to enter into any lengthened argument

to refute the numerous hypotheses which ascribe these

effects to external influences. There is no series of well-

ascertained facts capable of supporting such a doctrine ;

whereas it would be easy to prove that all the phenomena

really occasioned depend on suggestive ideas communicated

to the person affected. But while these theories scarcely

merit attention, the facts themselves are highly impoitant,

and demand the careful consideration of the physiologist

and medical practitioner. The effect of mind on the body

has from the earliest periods been seized upon by indivi-

duals as a ground for veneration or astonishment. In an-

cient times the heathen priests were the physicians, and the

temples were converted into so many dispensaries, at which

the sick applied for relief. In Catholic countries, during

the middle ages, the offices of priest and physician w ere fi e-

quently united in one person ; so that the powerful effects

of certain shrines, and the benefits of pilgrimages in cases

not admitting of simple cure, met with every encouiage-

ment. From what has preceded, it must be allowed that,

so far from its being improbable that real cures were so

effected, all that we know of the effects of confident pro-

mises on the one hand, and belief on the other, render it

very likely that many such occurred. The legends of the

saints, the history of witchcraft, the journal oi MrW esley ,
the

accounts of celebrated pilgrimages, and of the virtues of par-

ticular shrines, and the writings of religious enthusiasts ge-

nerally, abound in wonderful cures. Charms, amulets, and

relics are stated to have at once banished all kinds of agony,

and removed numerous nervous diseases. Many of these
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are certainly incredible, whilst others are perfectly conceiv-

able. The benefits of the royal touch are confirmed by

the observations of Richard Wiseman, and the cures per-

formed by Greatrakes are warranted by Robert Boyle. In

all these cases, there can be little doubt that any benefit

which did occur may be attributed to a strong belief, on the

part of the patient, in the efficacy of the means employed.

There can be little doubt that the facts recently ascer-

tained in connection with this subject open up a new field

for investigation, not only in physiology and practical me-

dicine, but in what relates to evidence as it is now received

in courts of law.

As regards the nature of this condition, it seems analo-

gous to that of sleep or dreaming, in which certain facul-

ties of the mind are active, and may be even stimulated into

excessive action, whilst others are suspended. All the phe-

nomena produced are strictly analogous to what medical

men are acquainted with in various morbid states ; and it

must now be considered as well established, that in certain

conditions of the nervous system they may be induced at

will. This conclusion, however, is something new, for it

has but recently been received in physiology or pathology,

that a condition of the cerebral functions may be occa-

sioned in apparently healthy persons in which suggestive

ideas are capable of producing those phenomena we have
described, and which render them, for the time, as irre-

sponsible as monomaniacs. Yet such is really the fact, and
once admitted into physiology, must have an important in-

fluence on the theory and practice of medicine. Such a con-
dition may probably be accounted for physiologically in

the following manner :

—

We have previously seen that the cerebral lobes contain
white fibres, which run in three directions ls<{, Those
which pass from below upwards, and connect the hemisphe-

L
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rical ganglion with the spinal cord ; 2d, Those which pass

transversely, forming the commissures, and which unite the

two hemispheres; and 3d, Those which run from before

backwards, uniting the anterior with the posterior lobes on

each side. It has also been stated that these fibres are

probably subservient to that combination of the mental

faculties which characterizes thought. Now all metaphy-

sicians and physiologists are agreed that the mind is com-

posed of various faculties, and that different portions of the

nervous mass are necessary for their manifestation. True,

it is by no means determined what or how many faculties

mind should be divided into ;
still less is it known which

parts of the brain are necessary for the manifestation of

each. But let the first proposition be granted, then there

is no difficulty in supposing that one or more of these may

be paralysed or suspended, whilst others are entire, any

more than there is in knowing that sensation may be ost

whilst motion remains intact, although the nerve fibres of

both run side by side. It may be presumed, then, that cer-

tain mental faculties are, as the result of exhausted atten-

tion, temporarily paralysed or suspended, whilst others are

rendered active in consequence of being stimulated bv sug-

gestive ideas; that the psychical stimuli of the former make

no impressions on the cerebral conducting fibres whilst

those of the latter are increased in intensity ;
that the pro-

per balance of the mind is thereby disturbed and thus the

individual for the time being acts and talks as if the predomi-

nant idea was a reality. The condition is analogous so far

with ordinary somnambulism, certain forms of hypochon-

driasis, and monomania, but admits of infinite changes, from

the nature of the idea suggested.

According to this theory, therefore, tve suppose that »

psychical stimulus is generated, which uncontrolled by he

other mental operations acting under ordmnry cucum-
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stances, induces impressions on the peripheral extremities
of the cerebral fibres, the influence of which only is con-
veyed outwards to the muscles moved. In the same man-
ner, the remembrance of sensations can always be called

up by the mind ; but under ordinary circumstances we know
they are only remembrances, from the exercise of judg-
ment, comparison, and other mental faculties; but these
being exhausted, in the condition under consideration, while
the suggested idea is predominant, leave the individual a
believer in its reality.

In this manner we attribute to the faculties of the mind
a certain power of correcting the fallacies which each is

liable to fall into, in the same way that the illusions of one
sense are capable of being detected by the healthy use of
the other senses. We further believe that the apparatus
necessary for the former operations consists of the nerve-
fibres which unite different parts of the hemispherical gan-
glion, whilst that necessary for the latter are the nerve-fibres
connecting together the organs of sense and the ganglia at
the base of the encephalon. A healthy and sound mind is
characterized by the proper balance of all the mental facul-
ties, in the same manner that a healthy body is dependent
on the proper action of all the nerves. There are mental
and sensorial illusions, one caused by predominant ideas
and corrected by proper reasoning

; the other caused by per-
version of one sense, and corrected by the right application
o the others. Both these conditions are intimately united
and operate on each other, inasmuch as voluntary and emo-
tional movements and sensation are mental operations.

ns t leory, if further elaborated, appears to be con-
sistent with all known facts, and capable of explaining themon physiological principles.
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FUNCTION OF REPRODUCTION.

The process whereby the countless variety of organisms

which constitute the vegetable and animal worlds is per-

petuated on the surface of the globe has from the earl.es

periods attracted the attention of
physiologists, naturalists, and

philosophers. In recent times, the excellence of the achro-

matic microscope has enabled us to penetrate much fur-

ther into the mysteries involved in it, and t ie w io e so

ject is now one of vast extent. We shall speak of tins func-

tion as consisting of three stages:-!* The productio

and discharge of germs; 2d, Of the fecundation of such

germs ; 3d, The changes which follow fecundation.

THE PRODUCTION AND DISCHARGE OF GERMS.

We have seen that at the earliest period of development

in all organized beings, without exception,
t lere! is. 01 me

molecular blastema which originates a nucleated cell. Up

to that point where sexes are manifest, the process oi repro-

ducthm is identically the same with that of ceh gnaw

The peculiarity of the function of generation m the hi,

consists in the snperaddhion to this process of a

particular act, whereby the further development of germ-

ed ^ occasioned. Th
is

mals and in plants—the ovary, uie
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as distinguished from viparous reproduction. The more

heterogeneous a structure becomes,—that is, the more differ-

ence is manifested in the structure and properties of its

separate parts,—the less title lias any one to be regarded as

a separate individual, since it cannot maintain an independ-

ent existence, nor reproduce the entire structure. When an

organism merely consists in a multiplication of similar parts,

these parts may separate, and constitute independent exist-

ences, as in the Algas among plants, and in the Polypes and

Radiata among animals. This has been called jissiparous

generation—a mode of reproduction that can never take

place in the more highly organized beings. This manner of

propagation is identical with that of multiplication by cells

alone, with this difference, that at one period groups of cells

are aggregated and united together, and afterwards separate.

Germ-cells are constantly forming and ripening in the

ovaries of plants and animals, and are separated from them
at particular times. In the separation of these oviparous

cells, indeed, a tendency to periodicity is manifested. Thus,
plants flower at certain seasons,—some in spring, others in

summer, and a third class in autumn or winter,—with great
regularity. Throughout the whole range of animals the
same thing is observable. They all present a breeding
period, at which time only ova are fully developed, and
capable of being fecundated. The reproductive organs of
plants and animals at this time become elevated in tempe-
rature. Among plants, this is most appreciable in the
Arum tribe, where flowers are collected in great numbers
within cases which act as non-conductors. On one occa-
sion, Brogniart observed that in the Colocasia odora the
temperature had been demonstrated to be 8° above that of
the surrounding air. This was increased in the following
day to 18°, and during the emission of pollen on the three
succeeding days to 20°, after which it began to diminish
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with the fading of the flower. In animals, the same eleva-

tion of temperature has caused agriculturists to denominate

this season as the period of heat. It originates in them

from excessive congestion in the capillaries of the pait,

causing great local and more or less general disturbance of

the system, the result of an augmented nutrition in the

ovaries necessary for the development of the ova. This

congestion causes rupture of the vessels and discharge of

blood, which in the human female, and in a few of the

monkey tribes, causes an external flow, known as the men-

strualfluid, while the process in them has received the

name of menstruation. The essential part of the act, how -

ever, is not the discharge of a fluid externally, but the foi -

mation, ripening, and separation of ova from the ovaries.

Multitudes of seeds and of ova are formed in this manner, at

regular periods, in plants and animals, which prove abortive,

and the history of which is identical with the formation,

ripening, and disintegration of simple nucleated cells, which

have no power of reproduction.

The manner in which ova are formed in the ovary has

been well studied by Martin Barry, who informs us that

molecules and granules are deposited in groups among the

fibrous stroma of the organ. Around a large granule

smaller ones are aggregated, and become surrounded by a

membrane—the ovisac,—so as to form a nucleated cell

containing granular matter. This granular matter now

separates into two portions. The inner forms a membrane

that immediately surrounds the yolk, and from its transpa-

rent appearance has been called the zona pellucida. 1 he

outer divides into two layers, one of which, covering t ie

zona pellucida, he called the tunica granulosa; and the

other, which lines the ovisac, the membrana granulosa.

These two membranes are united together by four bands,

the retinacula,—having transparent fluid between them.
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The whole structure now forms a vesicle, which, from its

first describer, De Graaf, has received the name of Graafian

vesicle, and consists of an outer fibrous and vascular mem-
brane

; another inner one,—the ovisac of Barry,—havingsus-

pended from it, by the retinacula
,
the ovum, composed of

zona pellucida, yolk, and germinal vesicle. Graafian ve-

sicles may frequently be seen before puberty in the ovary,

but after that period they increase in number, and may be

observed in all stages of development scattered through

the substance of the organ, those most advanced being

near the surface. Towards the end of each menstrual

period, such as are ripe burst, from the quantity of san-

guinolent serum or blood which is poured into them from

the external vascular membrane, and the ovum escapes

from the surface into the fimbriated extremity of the Fal-

lopian tube, which closes round the ovary, in order to

receive it, and through which it is conveyed to the uterus.

The cavity thus left in the ovary is most frequently

filled with coagulated blood, the result of haemorrhage
fiom the vascular or external layer of the Graafian vesicle,

which participates in the congestion of the menstrual period.

1 his coagulum of blood becomes gradually absorbed, in

the course of which it changes its colour, and assumes a
yellow and puckered appearance. In this state it has been
called corpus luteum, and it has been supposed to present
such peculiar appearances when fecundation has occurred
as to warrant medical men in asserting that pregnancy
had taken place—a grave error, which modern science
has completely exploded. These appearances are de-
scribed as being,— ls<, An irregular form in the false, but a
regular one in the true corpus luteum ; 2d, An absence of
a central cavity lined by a membrane in the false, whilst
in the true there are both

; 3d, Absence of concentric radii
in the false, while in the true they are present

; 4th, The
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false may be present in both ovaries, while the true only

exist in one. All these signs have been shown to be in

no way distinctive by numerous recent observations. 1 bus,

in women who have never had children, there have been

found corpora lutea exactly resembling those supposed to

follow pregnancy. In the lower animals, also, four or five

corpora lutea have been found in the ovaries, resembling

each other, although one foetus only was found in the

uterus. It must be manifest that these ideas were the

result of the notion that fecundation took place m tie

ovary, which assuredly it never does. Whether a corpus

luteum during pregnancy disappears less rapidly than in the

unimpregnated state is not known, but such is the o J

possible difference which can exist in the two states I hat

it is possible for any physiologist or pathologist to pro

nounce with certainty between the bodies which do or

do not coincide with pregnancy, has been demonstrated1 in

the negative by several remarkable cases which have been

raised in the courts of law.

The capability for procreation marks a peculiar perio

of life, which has been called puberty, on account of the

development the pubes then undergoes. In woman, »

generally occurs between the thirteenth and sixteenth year

but is earlier in warm climates, and later in co ones,

has also been observed to be earlier m manufac unn0

towns than in thinly-peopled districts. Mental and be>
.

S

habits exercise an influence; girls accustomed to.luxury

and indulgence undergoing this change earlier than ho

reared in hardihood and self-denial. At tins time those

oeneral and local changes occur which diStnigu.sh

adult woman : the mammary glands enlarger a **»»»

of fat takes place in the cellular tissue of the shin, wh c

gives to the female form its roundness and lu ness ,

menstrual fluid, the most unequivocal sign 1
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commences to flow. In man, puberty is maiked by the

low and rough voice—from the size of the laiynx and

elongation of the vocal cords ; by the growth of hair on

the chin, upper lips, and cheeks, as well as over the body

and limbs
;
the greater physical power and activity, as com-

pared with the female; the capability of enduring more

fatigue ;
and a larger amount of couiage and daring.

FECUNDATION OF GERMS.

The germ-cells, prepared and formed in the ovaries, are

discharged from those organs at each menstrual period, and

would be excreted from the economy without being further

developed, unless they encountered vibratile particles formed

in another oi'gan. In phanerogamous plants, the pollen

tube enters that of the pistil, and the pollen itself is con-

veyed to the ovule at its base. The contact of the pul-

verulent pollen with this ovule fecundates the latter. Of

the nature of the stimulus so imparted we know nothing

;

but the fact is well established in science, that no ovule

can furnish productive seeds unless the pollen has had

access to it. In all animals in which ova are formed the

same thing takes place. Two sets of organs analogous to

those in plants are found. In some creatures, as in certain

Mollusca, these are also associated in one individual ; but in

all the vertebrate tribes they exist in different animals,

male and female. The former is furnished with organs

called the testes, which secrete the spermatic or seminal

fluid. This contains minute bodies, possessed of inde-

pendent motion, which they retain for several days after

they have been excreted. In them the fecundating power

resides, for it is only when these come in contact'with the ova

discharged from the ovary of the female that the latter are

ever developed into distinct living beings. From this mo-
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ment that series of changes commences in the ovum
whereby an embryo is formed. For this purpose, however,

various circumstances are necessary, especially a fitting

locality, proper temperature, moisture, &c. Seeds which

have been impregnated retain a dormant degree of vitality

for many years, and when at length placed in these favour-

able circumstances, they develop themselves. Generally

speaking, instinct guides the lower tribes of animals to de-

posit their eggs in appropriate localities ; and the extraordi-

nary variety of such positions selected by insects, fishes, and

reptiles, has furnished a curious subject of observation for

the naturalist. In birds, the fecundated ova are hatched

by the mother, who elevates them to a proper temperature

by the heat of her own body. In mammiferous animals,

the young are not born as ova ; an organ—the uterus—is

provided for their reception, where they grow and become

developed ; and when at length they are capable of support-

ing an independent existence, they are excreted or parted

from the body of the parent by the process of parturition.

The form of the vibratile seminal particle varies in dif-

ferent animals. In mammals generally, it has a round or

oval extremity, a so-called head, and a filiform appendage

called a tail, and varies in length from the 100th to the

500th of an inch in length. In birds, the thick extremity

is more tapering, and the whole is of a spiral form. In

certain reptiles and fishes, the filament is much longer, and

thickest in the middle, tapering at both extremities, having

occasionally a delicate continuation wound spirally round

the thicker portion. In some insects and Crustacea, they

present curious irregular forms, without a filament, and are

immoveable. In the vast majority of cases, however, they

possess active contractile movements. In mammals espe-

cially, when watching these under the microscope, it is

difficult to divest oneself of the idea that they are ani-
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malcules, as they progress through the fluid with the heads

forward, propelled by continued vibratile lashings ot the

tail. The notion put forth by some observers, that they

possess internal organs, we have never, after careful re-

search, been able to confirm ; and the circumstance that

similar structures, with like movements, exist in the repro-

ductive organs of many plants, negatives the idea of their

being distinct animalcules.

The mode of fecundation varies in different animals. In

some molluscous tribes male and female organs are united

in one animal. It is an hermaphrodite, like many plants,

and is self-impregnated. In fishes, the female sheds its

spawn, and the male, swimming over it, sprinkles the sper-

matic fluid on the ova, and may be observed at the breed-

ing season to follow her for that purpose. In the higher

animals, union of the sexes takes place for the same end.

In reptiles, especially in the frog and toad, the male sits

on the back of the female, and sheds the semen over the

ova immediately after they have left the cloaca. In birds and

mammals, it is necessary that the spermatic fluid be deposited

in the body of the female by the intromission of the male

organ. From the circumstance that fecundation may take

place in fishes and reptiles, as in plants, by simply sprinkling

the male element over the female ova, has originated the

modern practice of artificial impregnation. In the same
way that horticulturists can multiply varieties, and even
fertilize plants with pollen received from a distance

; so, by
sprinkling the fluid from the milts of male fishes over the

innumerable ova which may be squeezed from the roe of

the female, they may be fecundated, preserved, and reared

in artificial ponds. At this moment, many of the rivers and
lakes of France and Scotland are being stored with large

accessions of valuable fish so raised, in order to increase

the amount of food for the people.
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For a long time it was supposed that the mere contact

of the vibratile spermatozoids with the ova was all that was

sufficient to produce fecundation ; but it was first shown by

Martin Barry, and has been subsequently confirmed by

many other physiologists, that the spermatozoid actually

finds its way into the ovum by a minute aperture, and that

the male and female elements ultimately blend or melt into

one another. This fact may now be considered well estab-

lished, and serves to explain many circumstances long

known as to the resemblances which exist in feature and in

qualities, mental and bodily, between parents and their off-

spring. Thus, it has long been a matter of popular obser-

vation, that the child, in all that relates to the outward form,

the gait and manners, takes after the father ;
while as re-

gards the size, internal qualities, and dispositions, the mother

predominates. Not, however, that the male is wholly with-

out influence on the internal organs and vital functions,

or the female wholly without influence on the external

organs and locomotive powers of their offspring. The law

is only general, although it holds very extensively among

cattle, as shown by Mr Orton and Dr A. Harvey. Such facts

seem in their turn to be accounted for by the circumstance,

that the spermatozoid enters and melts down in the exter-

nal parts of the yolk of the egg,—that is, in connection with

those layers of the germinal membrane which, as we shall

subsequently see, form the nervous system and muscles

;

whereas the glands and internal organs are formed from

the mucous layer, which is that part of the membrane

furthest removed from the action of the male element.

CHANGES IN THE OVUM WHICH FOLLOW FECUNDATION.

We have seen that ova are formed and discharged from

the ovary at regular intervals by the adult female, but that
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it is only when the spermatozoid enters them that fecun-

dation is produced. At that period the ovum presents

the characters of a nucleated cell,— the zona pellucida

being the cell-wall; the germinal vesicle being the nu-

cleus ;
while the fluid between them is opaque and granu-

lar, and called the vitellus, or yolk. (See figs. 1 and 2,

p. 166.) The size and relative amount of these three parts

of each ovum vary in different animals, but they are present

in all. There is also generally observed at one part of the

germinal vesicle a collection of granules, called the ger-

minal spot. (See fig. 2, a.) If fecundation does not take

place, the ovum degenerates, breaks down, and is ulti-

mately excreted in the mucous discharge from the external

passages. But if it encounter the spermatozoids, and one

penetrates it, then those changes commence which ter-

minate in the formation of an embryo. These changes

have now been followed in numerous animals, and the

principal efforts of zoologists are at present directed to the

elucidation of the transformations which take place in living

beings ; so that the whole subject is not only very extensive,

but is constantly acquiring new facts. The study of human

embryology is incomplete, for, although an ovum has been

twice discovered after death in the Fallopian tube ofwoman,

it has never been seen at that period when it enters the

uterus. In the dog, rabbit, sheep, and other mammals,

however, the various transformations have been very care-

fully described ; and, as it is certain that the same essen-

tial mode of development occurs in them as in man, the

changes observed in the dog will be selected as a type

of what takes place in the impregnated ovum of the higher

animals.

When the ovum leaves the Graafian vesicle, there is

adherent to it externally a greater or less number of the

cells which form the granular membrane. On removing
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these artificially, the ovum presents the appearance repre-

sented in fig. 1, when magnified fifty diameters linear. It

is composed of a dark, opaque yolk, surrounded by the

zona pellucida, or vitelline membrane. On cracking this

ovum between two glasses, or on tearing it with a needle,

the granular yolk flows out, and the germinal vesicle escapes,

as in fig. 2, a. If such an ovum encounter spermatozoids,

the changes subsequently represented take place. One

Pig. I. Fig. 2. Fig. 3. Fig. 4.

enters the ovum, when both it and the germinal vesicle

are dissolved in the yolk,—a circumstance to which the

whole structure is indebted for its continuance and for its

power of, as well as direction in, development. We next

observe that the granular yolk begins to separate into two

parts, a process which is accomplished by the spontaneous

Explanation of the Figures.

The mode of development of the embryo is so difficult to

understand, that it has been thought right to illustrate this

part of the subject copiously by woodcuts, which will serve to

indicate better than mere description can do how the various

parts and organs successively come into view. They are

copied from the accurate plates of Bischoff illustrative of the

embryonal development of the dog, but diminished one-half.

F'kj. 1.—An Ovum from the bitch freed from the granular

membrane, showing the dark internal yolk, and clear exter-

nal zona pellucida. (Magnified 50 diameters.)

Fig. 2.—The same Ovum lacerated with a needle. The yolk

has flowed out, showing the germinal vesicle a, with its ger-

minal spot. (50 diam.)
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aggregation of the molecules of which it is composed into

two masses instead of one (fig. 3). Each of these two sub-

divide, producing four (fig. 4) ; each of these into other two

(fig. 5) ; and so on, until at length the whole is reduced into

a mass of molecular corpuscles (fig. 7), having a clear space

or nucleus in their centres, and subsequently distinct cell-

walls (fig. 8). These next arrange themselves in a layer

externally, immediately lining the zona pellucida so as to

form a membrane, which is called the germinal membrane
(fig. 9). At one part of this it will be observed that the

cells and their granular contents are thicker, forming the

germinal area
,
where the embryo first appears. The

ovum has now entered the uterus, and its appearance at

Fig. 8.—The Ovum has encountered spermatozoids, which are

seen adherent externally to the zona pellucida. Fecunda-
tion has taken place

;
the spermatozoid, which has pene-

trated the transparent zone, together with the germinal ve-

sicle, have been dissolved in the yolk, which is divided into

two masses. (50 diam.)

Fig. 4.—The Yolk divided into four masses. (50 diam.)
Figs. 5 and 6.—The process of division in the yolk further il-

lustrated. (50 diam.)

Fig. 7-—The Yolk now reduced by division to a large number
of molecular cells. (50 diam.)

Fig. 8.—The Molecular Cells rendered visible by laceration of
the Ovum. They contain a clear space in their centres.

(50 diam.)

Fig. 9.—An Ovum further developed after it has been placed
in water for a short time. In consequence of endosmose, the
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this period, magnified ten times, is represented in fig. 10.

By cutting or tearing out the portion ot the germinal

^5

Fig. 9. Fi8- 10>

membrane which contains the germinal area, and magni-

fying it, the subsequent changes it undergoes can be well

studied, as in the following figures.

Fig
Fig. 12.

The germinal area now enlarges ;
at first round (fig. 1 1), it

^^^^^^parated from the zona pellucida

and is seen to be formed by the cells which have coalesced.

Tliis is the germinal membrane, with the germinal area

composed of an extra layer of cells. (50 diam.)

Fia io -An Ovum, much larger, taken from the uterus, moist-

ened with water. The germinal membrane is somewhat sepa-

rated from the zona pellucida, and thrown into folds. (10

T?tn

'

T1 —Portion of the Germinal Membrane surrounding the

germinal area, cut out from a further developed ovum. A

clear space in the area, called area pellucida, is apparent.

Fivflt^similar piece from a somewhat older ovum. The

germinal area has become oval. (10 diam.)
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becomes oval (fig. 12), and then appears in it. a clear space,

the area peilucida. At the same time, the germinal mem-
brane becomes thicker, and is now easily divisible into two

layers,—an upper or outer, called the serous or animal
,
and

an under or internal, called the mucous or vegetative layer.

The future changes in the embryo may be observed by
watching the behaviour of these two layers, andofanother that

afterwards forms between them in the gertninal area. In

the centre of the enlarged germinal area there now forms a

Fig. 13.

groove or channel, the primitive groove
, by the elevation

on each side of the germinal membrane (fig. 13). This
enlarges anteriorly, and tapers to a point posteriorly (fig. 14),
and ultimately becomes closed by its sides, or laminae dor-
sales, passing over it and uniting, thus forming the founda-
tion of the cerebro-spinal cavity, and inclosing the chorda

Fig. 13.—The Germinal Area is now greatly enlarged in the
germinal membrane, a. Germinal Membrane—b. Limit of
Vascular Area— c. Area Peilucida—d. Laminae Dorsales—
e. Primitive Groove.-/: Profile of Germinal Area. (10 diam.)

M
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dorsalis
,
or embryo brain and spinal cord (figs. 16 and 18).

A linear mass of square-shaped cells forms on each side,

which is the commencing vertebral column (figs. 14 and 16).

Pig. U. Fig. 15.

The embryo is now raised prominently upwards above the

serous layer (fig. 15), and between it and the mucous layer

Fig. 14..—Portion of Germinal Membrane, with the Embryo,

from an ovum twenty-four hours older than fig. 13. The

primitive groove is not yet closed, but is much stronger, espe-

cially above. Here three swellings are observable, which

are the three primitive brain-cells. At the mferior end, the

groove is of a lancet shape (sinus rhomboidalis)

.

In the

centre of the groove is a thin streak, the commencement of

the chorda dorsalis. Six square cells are formed on each

side, the commencement of the vertebral column. The ger-

minal membrane is now composed distinctly oftwo layers, the

upper of which (the serous or animal layer) is cut close

round the embryo, showing more distinctly the lower (the

mucous or vegetative layer). (10 diam.)

Fin. 15. The same Embryo, seen sideways, whereby the ele-

vation of the dorsal lamina;, and the groove between them, are

better seen. The head is already distinctly elevated above

the germinal membrane. (10 diam.)
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another mass of cells is formed which constitutes the third

or vascular layer. Here blood-vessels are developed as a

Fig. 16. Fig. 17.

plexus (figs. 16 and 17), which unites itself with the em-

Fig. 16.—An Embryo twelve hours older than the former one.
The primitive groove is now for the most part closed over.

The first brain-cell is widened out laterally, and bent for-

wards. The posterior ones are altered in shape from ab-
sorption of fluid. There are ten vertebral cells. At both
ends of the primitive groove folds of the serous layer are
visible—the commencement of the amnios. The serous layer
is cut close round the embryo

; and upon the mucous layer,
fine lines, in the form of a network, are visible—the com-
mencement of the vascular layer. (10 diam.)

Fig. 17. The same Embryo turned round and examined on
the under or abdominal surface. The head with the broad-
ened-out first brain-cell is seen coming forward. Immedi-
ately below this an S-shaped tube is seen, which is the
rudimentary heart. The lower end branches otf on each
side to join the vascular network, forming the vena omphalo-

mesenteries. The visceral or abdominal cavity is seen open
below, causing the embryo to resemble somewhat the appear-
ance ofa partly-decked boat. (10 diam.)
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bryo heart and aorta (figs. 18 and 19), and a circulation is

established, which extends over the entire ovum, with the

exception of its two poles (fig. 20). The embryo now is

Fig. 18.—An Embryo from an Ovum supposed to be twenty-

three or twenty-four days old, seen from above. The pri-

mitive groove is now completely closed, to form the medul-

lary tube, and exhibits above the three primitive brain-cells.

The first of these is seen to be so expanded laterally as to

form at each side the embryo eyes. The embryo ears are

also seen on each side opposite the third brain-cell. The

upper and lower ends of the embryo are now inclosed in a

backward fold of the serous layer, which, however, is still

open in the centre. The blood-vessels in the vascular layer

are now fully formed. (10 dicun.)

Pi,. 19 The same Embryo seen from below. The head is

strongly bent forward, so that the first brain-cell and em-

bryo eyes are best seen on this surface. Below these, two

notched processes are seen, which are the first visceral arches.

Below these again, the S-shaped heart-terminating, above in

the aorta, below in the vena omphalo-mesentencas. I he

heart now pulsates, and a circulation is established over the

vascular area. (10 diemi )
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gradually raised above the surface of the germinal mem-

brane, while the duplications and re-duplications of its three

lavers, which are constantly receiving thickness by cell

Fig. 20.

growth, gradually produce the various organs and textures

of the body. Three vesicles or sacs are formed in con-

nection with them,—the amnios with the serous, the allan-

tois with the vascular, and the umbilical with the mucous

layer. The upper or serous layer of the germinal mem-

brane may be observed from an early period to be reflected

backwards, and from before backwards, as well as laterally,

Fig. 20.—An entire Ovum, with the Embryo somewhat older

than the last. The villous chorion is raised off the entire

centre of the egg, which is suspended by it at one point,

where the folds of the serous layer have completely closed

over the back to form the amnios. The embryo lies with

its inferior half in the plane of the vascular and mucous

layers
;
whilst the head and superior half is prominent, and

inclosed by them. At the sides are seen both the arteries

and vence omphalo-mesentericee
,
which communicate with the

plexus of the vascular layer, and terminate in circular

rings, the venai terminates, leaving the two poles of the

ovum bare. (5 cliam.)
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gradually to inclose the embryo above (figs. 16 and 18). At

length the layer closes, suspending the embryo as it were

from one point (fig. 20), which, when it gives way, leaves a

sac, which rises from the back of the embryo. This is

the amnios. From the lower portion ot the abdominal

groove, and at the inferior extremity of the embryo, a

swelling may now be observed (fig. 22, bb). This rapidly

enlarges, and, at first open in the middle (fig. 23, a), coa-

Ficj. 21.—The same Embryo, removed with its membranes, and

viewed from the internal surface of the ovum, sideways.

The head and upper portion is seen surrounded by the am-

nios. In the head is observed the brain, divided into ante-

rior, neighbouring, and middle brain, a, b
,
c; the third

brain- cell, d ; eyes, e; ears, f\ not yet connected with the

third brain-cell. There are three visceral arches. The

heart is further developed, prominent, and surrounded by

the serous membrane. The lower portion of the embry

o

is covered with the vascular and mucous layers. (.3 dia-

meters .)
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lesces to form another sac, which hangs out of the lower

Fig. 22. Fig. 23.

portion of the abdominal opening. This is the allantois

(fig. 24). About the same time the inferior layer of the

Fig. 22.—The Lower End of an Embryo some hours older than

that in the last figure. The mucous and vascular layers are

drawn upwards, so that not only is the visceral cavity seen,

but the lower portion of the intestinal canal, a. At the

lower portion of the embryo are two small swellings, 6, b,

the commencement of the allantois. (10 diam.)

Fig. 23.—The Lower End of an Embryo twelve hours older

than the last. The allantois now forms a sac, the two
halves of which, however, are not yet closed. (10 dia-

meters.)

Fig. 24.—The Embryo ofan Ovuin twelve hours older than the
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germinal membrane, more or less constricted when it comes

out of the abdomen of the embryo, forms a third sac or

vesicle, called the umbilical sac. The mode of formation

and relation of these three sacs will be better understood

from the accompanying diagram (fig. 25).

The various parts of the body are now rapidly perfected,

to the principal of which we may shortly allude : ls£,

The chorda dorsalis,
inclosed by the dorsal lamina, which

forms the cranio-vertebral canal, are developed below

last, suspended by the vascular and mucous layers. All the

different parts formerly referred to may be seen further

developed. The superior extremity is prominent. In

the visceral cavity two long striated bodies are seen, the

Wolffian bodies ;
and the allantois is now so enlarged as to

hang out of the visceral cavity, covered with a network of

vessels in connection with the vascular layer, (o diam.')

Fig. 25 :—Diagram representing the mode of formation and

position of the three Embryonal Sacs. a. Embryo

—

b. Am-

nios—c. Umbilical Vesicle

—

d. the Vitelline Duct, or Pedicle

of the Umbilical Vesicle—e. Allantois—/. The Urachus or

Pedicle of the Allantois, afterwards the Urinary Bladder.
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into spinal cord and vertebrae, while superiorly are pro-

duced the cerebrum, cerebellum, and cranium (fig. 21,

b, c, d-, and fig. 24). 2d, The bent tube, which originally

formed the heart, is by a kind of notch first separated into

heart and aorta ; and the former, by the growth of in-

ternal septa, divided into ventricles and auricles. 3d, The

formation of branches from the aorta, which go to the bran-

chial arches or clefts (fig. 26). 4 th, The union of these

branchial arches to form the bones of the face and jaws,

o;th, The development of the special senses. 6th, The forma-

Fig. 26. Fig. 27.

tion first, of the upper extremities (fig. 24), and, secondly,

of the lower (fig. 27). 7th, The appearance of two

Fig. 26.—The Head of the same Embryo represented in fig.

24, seen in front, a. Anterior Brain-Cells

—

b. Eyes

—

c. Second Brain-Cell— d. First Visceral Arch— e. Process

thereof—^! Three Lower Visceral Arches

—

g. Right, and h,

Left Auricle

—

i. Left, and 7c. Right Ventricle

—

l. Aorta,

with aortic branches to the visceral arches. (10 diam .)

Fig. 27.—An Embryo older than the last, seen in front, a.
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striated organs deep in the visceral cavity, called Wolffian

bodies, which are afterwards transformed into the genito-

urinary organs (fig, 27, o). 8lh, The inflexions and constric-

tion of the mucous layer to produce the alimentary canal

(fig. 27, m). And, finally, the enlargement of the various

glands and internal viscera, and the greater perfection of all

the parts referred to (fig. 28) ;
while the abdominal open-

ing, closing in front, leaves only a small aperture, through

Nasal Apertures

—

h. Eyes

—

c. First Visceral Arch, now the

Under Jaw

—

d. Second Visceral Arch—e. Right, and f.

Left Auricle—g. Right, and h. Left Ventricle—/. Aorta

—

1c. Liver; between its two lobes is seen the cut Vena Om-

jjhalo-Mesenterica—l. Stomach

—

m. Intestinal Canal, ter-

minating in the Umbilical V esicle

—

n, o. W olffian Bodies

—

p. Allantois

—

q. Upper, and r. Under Extremity. (5 diam.)

Fig

.

28.—Embryo of an egg about four weeks old. a. Trachea

and (Esophagus

—

h. Thymus Gland—c. Right, and d. Left

Auricle

—

e. Right, and f. Left \ entricle

—

g. Left, and h.

Right Aorta—/, i, i. Three Lobes of the Liver—k. Stomach
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which the united pedicles of the allantoid and umbilical

sacs pass to constitute the umbilical cord, d o describe

each of these processes at length, or the variation which

has been shown to exist in them, among the leading

tribes of animals, would lead us too far. It will suffice to

say, that from the serous layer is principally formed the

nervous centres and the organs of sense ;
from the vascular

layer for the most part is produced the voluntary and non-

voluntary muscles, the bones, and the blood-vessels ;
and

from the mucous layer, the mucous surfaces and chief por-

tion of the glands.

Besides the changes which occur within the ovum, and

which result in the formation of the embryo, there are

others which seem external to it, and which are indirectly

very necessary to its formation. As the impregnated ovum

descends the Fallopian tube towards the uterus, it becomes

covered with an albuminous layer, called the chorion ; and

on passing into that organ, encounters another which lines

it, called the decidua. When the allantoid sac becomes

developed, it sends vessels into a portion of these mem-
branes to form the 'placenta

,
the relations of which to the

various sinuses of the uterus are of a kind that enable the

mother to furnish blood to the foetus by transudation of its

fluid substance through a double membrane. The uterus

also becomes greatly enlarged and thickened ; numerous

non-voluntary contractile fusiform cells are formed in it

;

and at length, the foetus having arrived at maturity, these

commence to contract, and, by a series of expulsive efforts,

finally expel the infant. The mammary glands also gradu-

ally enlarge, so that about the period of birth they are

— 1. Intestinal Coils, which by a band m (the former Ductus
Omphalo-Mesentericus), are in connection with the umbilical

vesicle n—o. Wolffian Bodies. (5. diam.)
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fitted to furnish a copious supply of milk, under the stimu-

lating action of suction, to which the infant is instinctively

impelled for the sake of nourishment.

Such is a general sketch of the various stages of the

function of reproduction, a study of which in the different

classes of animals has led to the formation of various in-

genious hypotheses, whereby it has been sought to bring

the order of evolution within the operation of certain laws.

One of these, which has excited great attention, is, that the

human foetus passes through transition periods resembling

in turn the different inferior beings of the animal scale

:

that is to say, it at first resembles a zoophyte, then a mol-

lusc, then a worm, a fish, a reptile, and so on. Thus the

monads found among the inferior animals have been sup-

posed to be represented by the germinal vesicle. The yolk,

when divided, has been thought to resemble a gonium or

a volvox. When the primitive groove closes, it has been

likened to a worm ;
afterwards to a molluscous animal ; and

when the visceral arches appear, to a fish ; and so on. This

method of viewing the phases of development has led to a

generalization thus expressed by Serres,—viz., that “ Hu-

man organogenesis is a transitory comparative anatomy, a>

in its turn comparative anatomy is a fixed and permanent

state of the organogenesis of man.” But that the human

embryo ever resembles a worm, a mollusc, reptile, fish, oi

bird, can on careful examination nowhere be recognised.

It is true, that at one period all ova resemble each other ;

but it is equally certain that from the first moment of their

formation they are impressed with a power of developing

themselves only in one direction, so that the ovum of a

reptile, fish, or bird will always be developed into similar

animals, and bv no concurrence of circumstances will evei

be transformed into different ones. Neither is there any
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anatomical or structural relation between them, lor the

visceral arches in the human foetus are in no way, as has

been supposed, analogous with the branchiae or lungs of the

fish, for the former are transformed into the bones of the

face, while lungs originate in inflexions of the mucous

layer. The theory, then, may be considered as more

fanciful than real, and founded upon loose analogies, which,

instead of being strengthened, are weakened as develop-

ment proceeds, and the true types of such analogies become

more evident.

In recent times another theory has been bi ought foi-

ward, denominated alternate geyieration by Steenstiup, but

more correctly ‘parthenogenesis by Owen. Many ot the

facts described by the former refer not so much to an

alternate as to a continuous development. Thus, many

insects spend part of their lives as a worm, and pait as a

moth. The moth produces the worm, and the worm pro-

duces the moth ;
but this is not an Alternate, but a diffeient

phase of the same generation. So a correct knowledge

of the development of the Medusa aurita has shown that

what naturalists had considered to be four distinct animals

are in fact only different stages in the development of one

animal. The formation of the Aphis is especially alluded

to by Steenstrup, several of which insects are produced

from the mother, and each of which may produce others,

although it is only certain of them which become trans-

formed into a fly. But the generation of a plant may be

called alternate in the same sense as it is used in the case

of the Medusa or the Aphis, inasmuch as the seed produces

a leaf and a root, which proceeds to develop other leaves

before it finally produces the flowers with the seed like

that from which the plant originated. 1 he term partheno-

genesis (irapOevua, virginity), as expressive of the power
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of reproduction in various forms without the act of fecun-

dation, is therefore the more correct one.

This doctrine has now led to many important results,

among which the discovery of the origin and mode of re-

production of tape-worms, and the manner in which the

three kinds of bees are produced, are good examples. It

is now known that certain Entozoa are partly developed in

one animal and partly in another. Thus, the minute eggs

of certain Tcenise, or tape-worms, enter the body of the

mouse, and are converted into cystic worms, which have

been considered as distinct creatures. In this stage they

would remain in that animal
;
but the. mouse being eaten

by the cat, the cystic worm of the former is converted into

a tape-worm in the body of the latter. In the same way,

the Cysticercus pisiformis, found in hares and rabbits, is

converted into the Taenia pisiformis, so common in the fox,

which feeds on those animals ;
and the C. celluloses, so fre-

quent in the flesh of pork and of mutton, is transformed into

the Tcenia Solium of man. Thus the mystery as to the ori-

gin of tape-worm has been cleared up ; and the practical re-

sult, that if we desire to cure the disease, besides giving an-

thelmintics and purgatives, we must also prevent the eating

of flesh underdone, or game and fish out of season, when it

is likely to be infected with Cysticerci. So, among bees it

has been shown by Dzierzon and Siebold that the queen-

bee, during her nuptial flight, receives the semen of the

male into a receptacle communicating with the oviducts,

but from which it can be shut off at will. The woikers

having prepared three kinds of cells, namely, di one-cells,

worker-cells, and royal-cells, each of which has its own

peculiar form and size —the queen deposits an egg in each.

In doing this, she takes care to bring every one of those

destined for the royal and the worker cells into contact

with the seminal fluid, but takes equal care to keep bee
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from such contact every one of those destined for the

drone-cells. It has also been shown that a worker-bee can

be transformed into a queen by feeding it on a peculiar

kind of food. It follows that male animals in insects may

be produced independent of the union of the ova with

spermatozoids, in the same way that buds are thrown out

in trees, or polype heads formed without fecundation. The

queen-bee in this respect is like a tree, uniting two kinds

of development, oviparous and gemmiparous. Her ovary

resembles a gemmarium
,
the products of which she fertilizes

at will by shedding on the ovum the semen stored up in

her receptacle.

The modern researches into reproduction, therefore, in-

dicate that the tribes of animals hitherto described by na-

turalists are not so numerous as was once thought, and

that many of them are only the metamorphic changes of

one creature. They show that animals as well as plants

can propagate in two ways—by buds and by germs ; the

individual developed from the bud being capable of pro-

ducing an ovum from which another individual may spring

that may produce a bud. Thus much of the mystery that

has shrouded the origin of many animals has been dissipated,

and the arguments by which it has been sought to esta-

blish a spontaneous or equivocal generation overthrown.

They also confirm the instinctive convictions, so long esta-

blished among the human race, which point to the male as

being not merely the head and proper representative of the

species, but the real reproducer of it also. The man being
the head of the woman

; she merging in him, and having no
rights apart from him

; their joint offspring, not hers, but
truly his

; born indeed of her, but begotten by him. The
daughter, equally with the son, represents their common
father, but. her children do not. They must be looked
upon as representing mainly the husband, whose name,
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accordingly, they bear. Hence the truth of the long-con-

firmed notion of descent in the male line, which, coupled

with the instinct of power, has given rise to the law of

primogeniture. According to Blackstone, “ The husband

and wife are one person in law ; that is, the very being or

legal existence of the woman is suspended during the mar-

riage.” Science, jurisprudence, and religion, therefore,

unite in proving that the wife is part of the husband ; the

two being, in the language of Scripture, “ no more twain,

but one flesh.” ( A. Harvey.)



PART THIRD

PATHOLOGICAL PHYSIOLOGY.

Every animated being has a limited period of existence,

during which it is constantly undergoing a change. So

long, however, as this change takes place uniformly in the

different parts of which it is composed, its physiological or

healthy condition is preserved. But immediately the ac-

tion of one organ becomes excessive or weak in proportion

to the others, disease, or a pathological state, is occasioned.

This state may be induced by direct mechanical violence,

but may also occur from the continued or irregular influ-

ence of several physical agents, such as temperature, mois-

ture or dryness, quality of the atmosphere, kind of food,

&c., &c. These are always acting upon the vital powers of

the individual as a whole, as well as incessantly stimulating

the various organs to perform their functions. We have

previously seen that life may be defined in the words of

Bedard—“ Organization in action.” Health is the regular

or normal, and disease the disturbed or abnormal condi-

tion of that action.

While such may be assumed to be our notion of disease

in the abstract, what constitutes disease in particular has

been much disputed. From the time of Hippocrates to

that of Cullen and his followers, the external manifestation

or symptoms constituted the only method of recognising

N
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diseased action, and gradually came to be regarded as the

disease itself. Then these symptoms were arranged into

groups, divided, subdivided, and named, according to the

predominance of one or more of them, or the mode in which

they presented themselves. These artificial arrangements

are the nosologies of former writers. All philosophical

physicians, however, have recognised that the true end of

medical inquiry is, if possible, to determine rather the altered

condition of the organs which produces the disordered

function, than to be contented with the study of the effects

they occasion. But the difficulty of this inquiry has been

so great, and a knowledge of the means of prosecuting it so

limited, that it is only within the last thirty years medicine

has been enabled to build up for herself anything like a solid

scientific foundation. What has hitherto been accom-

plished in this way has been brought about by the con-

joined cultivation of morbid anatomy, pathology, and clini-

cal observation, greatly assisted, however, by the advance

of numerous collateral branches of science, and especially

in recent times by chemical and histological investigation.

The result has been a complete overthrow of nosological

systems. We now attempt to trace all maladies to their or-

ganic cause ; and doubtless in proportion as this has been

successfully accomplished, medicine has become less em-

pirical and more exact. The organic changes, however,

which produce or accompany many diseases have not yet

been discovered, and consequently a classification of all

maladies on this basis cannot be strictly carried out. The

organic cause of epilepsy, hydrophobia, and ot many feveis,

for example, is as yet unknown. When, therefore, the

morbid change in an organ is unequivocally the origin of

the symptoms, we employ the name of the lesion to desig-

nate the disease; but when there is disturbance of function,

without any obvious lesion of a part, we still make use ot
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the principal derangement to characterize the malady.

Thus, as regards the stomach, we say a cancer or an ulcer of

that viscus, and thereby express all the phenomena occa-

sioned. But if we are unable to detect such cancer or

ulcer, we denominate the affection after its leading symp-

tom,—dyspepsia, or difficulty of digestion.

In endeavouring to carry out this distinction, however,

modern pathologists have fallen into a great error, inasmuch

as they have continued to employ the nomenclature of our

forefathers, and use words simply expressive of the presence

of symptoms, to indicate the altered condition of organs

which are the cause of those symptoms. Formerly the term

inflammation meant the existence ofpain, heat, redness, and

swelling ; it now means certain changes in the nervous, vas-

cular, and parenchymatous tissues of a part. Formerly,

apoplexy meant sudden unconsciousness originating in the

brain ; now it is frequently used to express haemorrhage into

an organ ; and hence the terms apoplexy of the lung and of

the spinal cord. The two ideas are essentially distinct, and
bear no reference to each other, because the same word
may be, and often is, employed under circumstances where
its original meaning is altogether inapplicable, and even
when the symptoms it was intended to express are alto-

gether absent. Hence it is incumbent on every one who
applies to organic changes terms which have been long em-
ployed in medicine, to define exactly what he means by them.
In this way, old indefinite expressions, though still retained,
will have a more precise meaning attached to them.

But notwithstanding the confusion which has necessarily
resulted from the rapid advance of medicine in late years,
and from the frequent change of ideas with regard to the
nature of morbid actions, it still is correct to say that dis-
ease is only an alteration in the healthy function of organs.
Hence all scientific classification of maladies must be
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founded on physiology, which teaches us the laws that regu-

late those functions ; and they may be divided, like the func-

tions themselves, into— ls<, Diseases of Nutrition ;
2d, Dis-

eases of Innervation ; and 3c?, Diseases of Reproduction.

DISEASES OF NUTRITION.

The various modes in which nutrition becomes impaired

can only be understood by knowing the different steps of

the nutritive process. For ages medical men have been in

the habit of considering the blood to be the primary source

of numerous maladies. But our previous description of.

the process of nutrition must show that the changes in this

fluid, and the diseases which accompany them, are for the

most part not primary, but secondary ;
that is to say, they

are dependent on previously existing circumstances, to the

removal of which the medical practitioner must look for the

means of curing his patient. This will become apparent,

not so much by analysing the individual disorders to

which the various organs and tissues of the body are

liable, as by describing the fundamental pathological pro-

cesses which are common to all parts of the frame. An

enumeration and definition of these appear necessary in

the first place.

Classification of Diseases of A afrition.

Congestion, ok excess oe Blood in a Part.-TIus is an

over-distension of the blood-vessels, but more especially of

the capillaries, with blood. It may be caused by excite-

ment of the nervous system, by mechanical impediments

which obstruct the return of venous blood, or by irritation
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of the textures. However produced, congestion may be

temporary, and disappear without producing much dis-

turbance, or, if long continued, it may give rise to one or

more of the following conditions :

—

Fever.—When congestion is caused or accompanied by

general excitement of the nervous system, it produces

fever, a morbid condition characterized by hot skin, ac-

celerated pulse, furred tongue, thirst, and headache,—phe-

nomena usually preceded by a sensation of cold, or rigor.

If caused by some poison introduced through the blood,

it is called primary
,
the principal forms being intermit-

tent, remittent
,
and continued. If produced by injuries

to texture, either directly from violence, or indirectly

from reflex action causing internal inflammations, it is

denominated secondary or symptomatic.

Dropsy, or Effusion of Serum.—When congestion is

passive
,
or caused by mechanical obstruction to the flow

of blood through the veins, serum transudes through the

walls of the capillary vessels, and collects in various

places, causing dropsy. If generally diffused, especially

through the subcutaneous tissue, it is called anasarca; if

limited to the peritoneal cavity, ascites; if local, oedema.

Haemorrhage, or Extravasation of Blood.—This may

arise from direct injury to a blood-vessel, from a wound,

or from disease of its coats. Under such circumstances

it may be arterial or venous
,
the former distinguished

by the blood being of a bright florid, and the latter by

its being of a claret colour. The capillaries are frequently

ruptured from over-distension with blood, which is capil-

lary or congestive hoemorrhage, causing dropsical effusions

or inflammatory exudations to assume a sanguinolent

character.

Inflammation, or Exudation of Liquor Sanguinis.

—

When congestion is active
,
or arises from irritation of the
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textures, it may, if excessive, terminate in the exudation

through its coats of the liquor sanguinis. This is in-

flammation ;
an expression still used very vaguely by

some pathologists, but which, thus defined, separates the

morbid state accurately from congestion of fever on the

one hand, and from dropsy, or the processes of growth, on

the other. The exudation thrown out undergoes a variety

of changes, producing various morbid conditions, accord-

ing as it lives or dies.

Simple or Inflammatory Exudation.—This consists of

the normal liquor sanguinis, which infiltrates the neigh-

bouring tissues or collects in serous cavities. It then

coagulates, and may undergo the following vital transfor-

mations ltf, Into cells and fibres, forming adhesive

lymph, as on the surface of serous membranes ;
2d, Into

pus-cells, constituting suppuration ,
as in mucous surfaces

or in areolar texture ;
3d, Into granule-cells, forming in-

flammatory softening

;

and 4th, Into various elementary

tissues, such as the fibrous, vascular, caitilaginous, bony,

&c. In this manner, the exudation may be (1.) absorbed,

or undergo resolution ; (2.) evacuated externally by dis-

charge ;
or (3.) assimilated to the body. It is the agent

which forms abscesses, causes the healing of wounds, and

the union of divided tendons, bones, Szc.

Tubercle, or Tubercular Exudation—When an ex-

udation, instead of undergoing the vital changes just re-

ferred to, assumes a yellow or grayish aspect and cheesy

consistence, it is called tubercle. It consists of solid

irregularly-formed bodies, called tubercle corpuscles,

more or less associated with molecules and granules.

If disseminated in small grains, it is called miliary

;

if

in considerable patches or masses, it is infiltrated tubercle.

When chronic, it may be encysted, or present the form

of cretaceous or calcareous masses.
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Cancer, or Cancerous Exudation.—When an exuda-

tion, instead of undergoing the vital transformations pre-

viously described, passes into cells and fibres, the former

increasing endogenously, it is called cancer. It hard,

and principally formed of fibres from associated morbid

growth, it is called scirrhus ; if soft, often yielding a

milky juice on pressure, it is encephaloma ; if having a

fibrous basis, this is so arranged as to form areolae or

loculi, containing a gelatinous gum or glue-like matter ;

then it is called colloid cancer.

Mortification, or Moist Gangrene.—When the exuda-

tion is poured out rapidly in such quantity as to paralyse

the nerves, obstruct the blood-vessels, and prevent the

return of circulation in them, it dies, and undergoes

chemical putrefactive changes, and is said to be mortified,

or to be affected with moist gangrene. It differs from

dry gangrene, which is slow death of pre-existing texture

from want of nourishment. Sometimes it is epidemic,

from external or unknown causes, resembling the blight

which affects vegetables.

Ulceration.—When an exudation does not pass into the

vital transformations formerly described, but presses upon

the surrounding parts, obstructing the flow of blood in

them, death of such parts takes place. Under these cir-

cumstances, the whole slowly disintegrates
;
loss of texture

is occasioned, with breach of continuity
; and an ulcer is

formed. Ulceration may also be produced by the direct

pressure of a foreign body, continued weight of depend-

ing parts, &c.

Morbid Growths of Texture.—Increased growth of

tissues may assume various forms : the organ or struc-

ture may be enlarged in whole or in part, still maintain-

ing more or less of its original texture, shape, and func-

tion—constituting hypertrophy. Membranes may be-
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come preternaturally thickened, causing more or less

induration

,

whereby the movements ot parts may be

affected; or the calibres of tubes and ducts may be dimi-

nished, producing stricture. The vital transformations

of an exudation into pus, granule, or other cells, must be

regarded as a form of morbid growth, as must the results of

the healing process, which give rise to new tissues exactly

resembling those previously existing in other parts of the

body,—as in cicatrices, callus, &c. Lastly, such growths

may assume the form of tumour. Morbid growths may

be classified into

—

1st, Fibroma, or fibrous growths; 2d,

Lipoma, or fatty growths ; 3d, Angionoma, or vascular

growths; 4th, Cystoma, or cystic growths ; 5th, Adenoma

,

or glandular growths ;
6th, Epithelioma, or epithelial

growths ; 7 th, Echondroma, or cartilaginous growths

;

8th, Osteoma, or osseous growths ;
and 9th, Carcinoma,

or cancerous growths.

Morbid Degenerations of Texture.—This also may

assume various forms. The organ or structure may be

diminished in whole or in part, constituting atrophy,
still,

however, retaining its normal shape and function ; or

the structure of the parts themselves may have under-

gone alterations, whereby their functions are impaired or

destroyed. Such degenerations are of four kinds:

They may, in a variety of ways, become indurated and

shrivelled up, or converted into a waxy or glue-like

material, apparently from an excess of one or more of

the albuminous or gelatinous compounds. This is albu-

minous degeneration. 2d, They become softer, from an

accumulation of fatty granules, either within cells or

among the minute elements of the texture. I his is.fatty

degeneration. 3d, In the same manner, pigment of va-

rious kinds is deposited in or replaces the tissue, which

may be red, yellow, brown, green, blue, purple, or black,
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owing to chemical changes ascribable to extravasated

blood or bile, or to some peculiar secretion. This is

pigmentary degeneration. Lastly, the tissues may be-

come infiltrated with mineral matter of various kinds,

but generally with salts of lime in solution, which sub-

sequently becoming solidified, impede or destroy func-

tion. Such is mineral degeneration.

Concretions.—These are non-organized and non-vascular

productions, formed by the mechanical deposition and

aggregation of various kinds of matter, generally in the

ducts or cavities of the hollow viscera. 1 hey may be

composed of albuminous, fatty, pigmentary, or mineral

substances, but are separable from degenerations from

their never being formed out of an organic structure.

Urinary concretions
,
or calculi, are composed of the salts

which are too predominant in the urine, and which have

been precipitated round a central body or nucleus, formed

within or introduced from without. Intestinal concre-

tions are usually composed of hair or vegetable fibres,

which have been swallowed and accumulated also round

a central nucleus. Mineral concretions, composed of

carbonates and phosphates of lime, are common in the

mucous passages of various organs, especially the sali-

vary, bronchial, pancreatic, hepatic, and renal. They

also occur in the veins, when they are called phlebolites.

Occasionally they resemble starch grains, and are called

amyloid

;

and not unfrequently concretions are found

really composed of aggregated or isolated starch cor-

puscles, which may be called amylaceous.

Parasitic Growths.—These are of two kinds, vegetable

and animal. The vegetable parasitic growths may be

divided into such as grow on the surface
(Epipliyta ), or

those that have been formed in the interior of the body,

chiefly on the mucous surfaces (Entophyta ). The animal
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parasites may also be divided into such as infest the sur-

face (Epizoa), and such as are found in the interior of

the body
(
Entozoa). To the former belong the several

species of Pediculus, or louse; the Acarus Scabiei, or itch-

insect ; the Entozoon folliculorum, which inhabits the fol-

licles of the skin ;
and the Pulex penetrans, or guinea-

worm. The Entozoa are numerous, and may be divided

into— ls£, Cystica, or saccular worms ; 2d, Cesloidea, or

chain-worms ; 3 d, Trematoda, or flat worms ;
and 4th,

Nematoda, or thread-worms.

Such is an enumeration and definition of the organic

diseases of textures and organs. What are called func-

tional disorders of the same parts are such as leave no traces

of their existence after death, and are for the most part

simple excess or diminution of normal actions. It is only

when these last lead to congestions and exudations, termi-

nating in fever or vital transformations, and chemical changes

producing degenerations, that a true structural lesion can

be said to exist. The causes of these organic alterations

of texture are to be sought— In increased or dimi-

nished stimulation acting directly on the tissues them-

selves ; 2d, In increased or diminished excitability of the

nervous system operating upon them indirectly ; 3d, In an

altered condition of the blood; and 4th, In chemical trans-

formations of texture. These may act separately or com-

bined, and one may occasion the other. We shall treat of

these causes under the following heads :

—

Theory of Congestion.

Congestion may be passive or active,—the former leading

to effusion of serum, or dropsy, the latter to exudation of

the liquor sanguinis, or inflammation.
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Passive congestion is caused by all those circumstances

which impede the circulation through the veins, such as

ligatures or tumours, which press upon a large vein coming

from a limb ;
swellings or diseased liver, which obstruct

the abdominal veins ;
cardiac disorders, which obstruct

the return of blood from the lungs ;
or renal and integu-

mentary disease, which check the excretion of water from

the system.

Active congestion in the capillaries has, however, excited

the greatest discussion, in consequence of the difficulty of

determining its nature, as wrell as of the vast importance

which belongs to it both in the science and practice of

medicine. Indeed a knowledge of this subject may be

said to be the pivot on which, in all ages, the medical phi-

losophy of the time has revolved. A careful consideration

of it, therefore, is necessary.

When we irritate the web of a frog’s foot, it may be seen,

under the microscope, that— lsif, The capillary vessels are

narrowed, and that the blood flows through them with greater

rapidity. 2d, The same vessels become enlarged, and the

current of blood is slower, although even. 3d, The flow of

blood becomes irregular. 4th, All motion of the blood ceases,

and the vessel appears fully distended. 5th and lastlg, The

liquor sanguinis is exuded through the walls of the vessel,

sometimes accompanied by extravasation of blood cor-

puscles, owing to the rupture of the capillaries.

The first step in the process,—viz., narrowing of the

capillaries,—is readily demonstrated on the application of

acetic acid to the web of the frog’s foot. If the acid be

weak, the capillary contraction occurs more slowly and

gradually. If it be very concentrated, the phenomenon is

not observed, or it passes so quickly into complete stoppage

of blood, as to be imperceptible. Although we cannot see

these changes in man under the microscope, certain ap-



196 PATHOLOGICAL PHYSIOLOGY.

pearances indicate that the same phenomena occur. The

operations of the mind, for instance, as fear and fright, and

the application of cold, produce paleness of the skin ; an

effect which can only arise from contraction of the capil-

laries, and a diminution of the quantity of blood they con-

tain. In the majority of instances, also, this paleness is

succeeded by increased redness, the same result as follows

from direct experiment on the web of the frog’s loot, con-

stituting the second step of the process. In other cases,

the redness may arise primarily from certain mental emo-

tions, or from the application of heat. In either case, it

depends on the enlargement of the capillaries, and the

greater quantity of blood they contain.

It has been asserted that, instead of contraction of the

capillaries, the first changes observable are enlargement,

with an increased flow of blood. To determine positively

the question of contraction or dilatation, I made a

series of careful observations on the web of a frog’s

foot. Having fixed the animal in such a way that it could

not move, I carefully measured with Oberheusers eye

micrometer the diameter of various vessels befoie, during,

and after the application of stimuli. The results were, that

immediately hot water was applied, a vessel that measured

thirteen spaces of the eye micrometer contracted to 10

;

another that measured 10 contracted to 7 ; a third that

measured 7 contracted to 5 ; a fourth, which was a capil-

lary carrying blood globules in single file, and measured 5,

was contracted to 4 ;
and another, one of the smallest size,

which measured 4, was contracted to 3. With regard to

the ultimate capillaries, it was frequently observed that if

filled with corpuscles, they contracted little, but if empty,

the contraction took place from 4 to 2 ; so that no more

corpuscles entered them, and they appeared obliterated.

This was especially seen after the addition of acetic acid.
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It was also observed that minute vessels that contracted

from 4 to 3 afterwards became dilated to 6 before conges-

tion and stagnation occurred. The smaller veins were

seen to contract as much as the arteries of the same size.

The variation in the size of, and amount of blood in, the

capillaries is conjoined with changes in the movement of

that fluid. Whilst the vessels are contracted the blood

may be seen to be flowing with increased velocity. After

a time the blood flows more and more slowly, without, how-

ever, the vessel being obstructed : it then oscillates,—that

is, moves forwards and backwards, or makes a pause, evi-

dently synchronous with the ventricular diastole of the

heart. At length the vessel appears quite distended with

coloured corpuscles, and all movement ceases.

Again, these changes in the movement of the blood in-

duce variations in the relation which the blood corpuscles

bear to each other, and to the wall of the vessel. In the

natural circulation of the frog’s foot, the yellow corpuscles

may be seen rolling forward in the centre of the tube,

whilst on each side a clear space is left, only filled with

liquor sanguinis and a few lymph corpuscles. There are

evidently two currents, the centre one very rapid, that at

the sides (in the lymph spaces, as they are called) much

slower. The coloured corpuscles are hurried forward in

the first, occasionally mixed with some lymph corpuscles.

These latter, however, may frequently be seen clinging to

the sides of the vessel, or slowly proceeding a short dis-

tance down the tube in the lymph space, and then again

stopping. Occasionally they get into the central torrent,

when they start off with great velocity, and accompany

the yellow corpuscles. It has been said that these cor-

puscles augment in number, accumulate in the lymph

spaces, and obstruct the flow of blood. In young frogs their

number is very great ; but then they constitute a normal
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Figure 1.

An exact copy of a portion of the Web in the Foot of a Young

Frog, after a drop of strong alcohol had been placed upon

it.—The view exhibits a deep-seated artery and vein, somewhat

out of focus
;
the intermediate or capillary plexus running over

them, and pigment cells of various sizes scattered over the whole.

At the top of the figure the circulation is still active and

natural. About the middle it is more slow, the column of

blood is oscillating, and the corpuscles crowded together. At
the bottom, congestion, followed by exudation, has taken

place.

—

a. A deep-seated Vein, partially out of focus. The current

of blood is of a deeper colour, and not so rapid as that in the

artery. It is running in the opposite direction. The lymph
space on each side, filled with slightly yellowish blood plasma,

is very apparent, containing a number of colourless cor-

puscles, clinging to or slowly moving along the sides of the

vessel.

—

b. A deep-seated Artery, out of focus, the rapid current
of blood allowing nothing to be perceived but a reddish-yellow

broad streak, with lighter spaces at the sides.—Opposite c, lace-

ration of a capillary vessel has produced an extravasation of
blood, which resembled a brownish-red spot.—At d, congestion
has occurred, and the blood corpuscles are apparently merged
into one semi-transparent, reddish mass, entirely filling the
vessels. The spaces of the web, between the capillaries, are ren-
dered thicker and less transparent, partly by the action of the
alcohol, partly by the exudation. This latter entirely fills up
the spaces, or only coats the vessel. (200 diam.)

Figure 2.

A Blood-Vessel from an inflamed brain, coated with coagulated
exudation.

Figure 3.

Three Air Vesicles from an inflamed lung.—a. Coagulated exu
dation

; b. Cells forming in the exudation
; c. Cells (pus-cells

fully formed.

Figure 4.

Corpuscles in a tubercular exudation from the mesenteric gland.

Figure 5.

Cells, multiplying endogenously, in a cancerous exudation, from
the uterus.
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part of the blood, and in no way impede the circulation.

In old frogs, on the other hand, all these, and subsequent

changes, may be observed, without the presence of colour-

less corpuscles. When the capillaries enlarge, however,

the central coloured column in the smaller vessels may be

seen to enlarge also, and gradually approach the sides of

the tube, thus encroaching on the lymph spaces. The

slower the motion of the blood, the closer it comes, until

at length the coloured corpuscles come in contact with the

sides of the vessel, and are more or less compressed and

changed in form. At last the vessel is completely dis-

tended with coloured corpuscles, the original form of which

can no longer be discovered, and the tube appears to be

filled with a homogeneous deep crimson fluid. This is

congestion. The different changes leading to it may be

explained as follows

:

]. The contraction and dilatation of the capillaries are

explicable by supposing them to be endowed with a power

of contractility analogous to that existing in non-voluntary

muscles. John Hunter thought they were muscular, from

the results of his observations and experiments ;
and they

may be shown by the histologist to consist of a delicate

membrane in which permanent nuclei are imbedded. In

structure, then, they closely resemble the muscular fibres

of the intestine, and we know that, like them, they may

be contracted or dilated by emotions of the mmd-that is,

through the nerves ;
or by local applications—that is, di-

rectly. The narrowing of these tubes, therefore, may be

considered, as Cullen thought it was, analogous to spasm ;

while their dilatation is similar either to the relaxation which

Mows such spasm or to muscular paralysis. The recent

observations of Cl. Bernard and others as to the effects

produced by dividing the large nervous trunk of the sympa-

thetic in the neck have singularly confirmed this theory,
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and shown how the modification of nutrition which charac-

terizesfevers is probably owing to a morbid condition of the

ganglionic nervous system.

2. The rapid and slow movement of the blood is expli-

cable on the hydraulic principle, that when a certain quantity

of fluid is driven forward with a certain force through a

pervious tube, and the tube is narrowed or widened, while

the propelling force remains the same, the fluid n ust ne-

cessarily flow quicker in the first case and slower in the

second. It has been supposed, from the throbbing of large

vessels leading to congested parts, that they pump a larger

quantity of blood than usual into them. This was called
“ determination of blood” by the older pathologists, and is

now known not to be a cause, but a result, of the changes
going on in the capillary vessels and tissues of the affected

part. The oscillatory movement, seen later in the trans-

parent parts of small animals, has not been observed in

man, and probably depends, in the former, on a weakened
power of the heart.

3. It is the stoppage of the blood, and exudation of the

liquor sanguinis
,
however, which it is most difficult to ex-

plain
; for why, so long as there is no mechanical obstruc-

tion (and during this process none has ever been seen),

should the circulation through the capillaries of a part

cease ? It has been endeavoured, indeed, of late years,

to establish a mechanical obstruction, by supposing the
foimation of colourless corpuscles in large numbers, which
cling to the sides of the capillaries, and so cause interrup-
tion of the stream. But this hypothesis is negatived by the
following facts :— ls£, In young frogs the vessels may be seen
to be crowded with colourless corpuscles, while the circula-
tion is in no way afFected. 2d, In old frogs, oscillation -and
gradual stoppage of the stream may be seen, without any
colourless corpuscles being present. 3d, The colourless

o
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corpuscles, as shown by Remak, are increased, after large

venesections, in the horse, without ever causing active con-

gestion. And 4th, In leucocythemia, or white cell-blood, all

the vessels are crowded with colourless corpuscles, and yet

no active congestion in these vessels, nor exudation of any

kind, has been occasioned.

We cannot ascribe the stoppage of the circulation in the

capillaries to venous obstruction, or to mechanical pressure

of any kind, because all observation proves that such causes,

while they induce effusion of serum, never occasion exu-

dation of liquor sanguinis. Neither can we suppose it to

depend on endosmose, nor on a vis a tergo, as such physi-

cal causes cannot be shown to apply in all cases. "VV e are

compelled, therefore, to attribute the vital force producing

these changes, not to anything residing in the blood or in

the vessels, but in the tissues which lie outside the vessels.

That these do possess a power attractive and selective,

whereby matters are drawn from the blood to carry on

nutrition and secretion, is now generally admitted in physio-

logy. A modification of this power, whereby the attrac-

tive property is augmented, and the selective one diminished,

at least offers us an explanation consistent with all knovin

facts, and seems to be the only active agency to which we

can ascribe the approach of the coloured particles to he

capillary walls, and the passage through them of tie

exudation.

Theory of the Exudations.

The true cause of exudation, therefore, is irritation of

texture, so modifying its vital properties that, instead ot

seleoting and attracting from the blood stmply »hat «

necessary to keep up the nutritive processes it draw.

"“
the entire «J»or sanguinis. This coagulates, and
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if it do not die to produce mortification or ulceration,

undergoes vital transformations, constituting what have

been called the terminations, or resulting phenomena of

inflammation in healthy persons, or tubercle and cancer in

certain constitutional states of the system. In the first case,

the transformations materially depend on the rapidity with

which the exudations are thrown out, or the situation where

they occur, and on the vital powers of the body. But in

tubercular and cancerous exudations we observe no dis-

tinctions from these causes, although it has been remarked

that situation so far influences cancer that scirrhus is most

common in fibrous, and encephaloma in cellular organs.

The more important characters of the three kinds of exu-

dation may be shortly stated as follows :—

•

We observe in a simple or inflammatory exudation, that

it may occur at all epochs in life
;
that it may attack all

tissues, and most commonly those which are very vascular

;

that it may be poured out in large or small quantities
; and

that it may occur with greater or less rapidity
; hence the

terms acute and chronic. We further observe, that the

acute exudations are generally attended with symptoms of

a peculiar character (inflammatory), and have a great ten-

dency to cell or temporary formations, which rapidly break
down, are absorbed, and excreted by the emunctories

;

that the chronic exudations, on the other hand, have a

tendency to fibrous or permanent formations, producing
adhesions, strictures, indurations, &c.

We observe in a cancerous exudation that it occurs
for the most part in persons of adult or advanced life

;

that it may also occur in every tissue, but is by far most
common in glandular or fatty organs, such as the liver or
female mamma, and is very apt to attack the lymphatic
glands secondarily

;

that its progress, although sometimes
slow when very fibrous, becomes rapid when corpuscles
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abound in it ; that there is a great tendency to the forma-

tion of the most perfect forms of cell life, which have the

power of self-development, and thereby of spreading to

neighbouring tissues; and lastly, that when by pressure

ulceration is produced on free surfaces, it bursts through

these in exuberant fungoid excrescences.

We observe in a tubercular exudation that it occurs

for the most part in young subjects, between the periods

of dentition and of adult age ;
that it may also occur in

all tissues, but is by far most common primarily in the

lymphatic glands, and afterwards in fibrous or albuminous

textures, as the lungs and serous surfaces ;
that its pro-

gress is in general exceedingly slow; that there is no dis-

position to the formation of perfect cell formation, but

rather to abortive corpuscles, which form slowly, and

slowly break down; that there is little tendency to ab-

sorption, but great liability to disintegration and ulceration ;

and finally, that the local changes are almost always pre-

ceded by derangement of the primes vim, and a group ot

symptoms known under the name of dyspepsia.

'

Taking, then, the products of simple exudation (say pus)

as a standard, we cannot fail to remark, that whilst the

cell-development of tubercle is below, that of cancer is

above this standard. Of the three kinds of exudation,

tubercle is the lowest, and cancer the highest, in the

Of the ultimate cause producing this difference in the

n .1 .../inf'inn Tiro nrp lcrnomnt. blit
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varies, whilst the cancerous or tubercular formation is the

same ; but in the inherent composition or constitution ot

the exudation itself. On this point most pathologists are

agreed ; and hence the supposed existence of various kinds

of dyscrasice originating in the blood, which it is imagined

explain the different results produced. But here patholo-

gists pause : once traced back to the blood, they are con-

tent ; and they have not sufficiently taken into considera-

tion that the blood itself is dependent for its constitution

on the results of the primary digestion in the alimentary

canal on the one hand, and the secondary digestion in the

tissues on the other. Yet it must be evident to every

physiologist that if it be the constitution of the blood

which determines the nature of the exudation, the causes

which produce this must be sought in those circumstances

which operate on the composition of the former fluid.

Now, numerous facts render it probable that, while the

blood is normal in simple exudation, it contains an excess

of nutritive materials in cancerous, and a deficiency of them

in tubercular exudation. These are points, however, which

can only be established after examining instances of such

exudations in detail. But it must not be forgotten, in the

meantime, that as the blood is continually undergoing

changes, is receiving and giving off new matters, it can

scarcely happen that it remains the same for many hours

together. An exudation at one time may be very different

from that at another. At one period it may abound in

elements which do not exist in it at the next. Hence it

often happens that a concurrence of circumstances is ne-
cessary to occasion a certain result. A cancer, once formed,
may remain local until such a series of events arises, com-
prising, first, the phenomena leading to and producing
an exudation

; secondly, the occurrence of this exudation
in some other tissue or organ sufficiently predisposed for
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the purpose ;
and thirdly, a peculiar constitution of the

blood. Hence why the histologist is continually finding

all kinds of intermediate formations between the three lead-

ing kinds of exudation, and why, even when the constitu-

tion is thoroughly cancerous or tubercular, simple exuda-

tions may be poured into tissues as the result of recent

wounds or injuries. But, whilst a recent cancerous or a

tubercular exudation may be found to accompany, or al-

ternate with, a simple exudation, the two former are seldom

met with together ; a circumstance which still further points

out the wide difference between the constitutional causes

producing them.

The final termination of either kind of exudation may be

the same, only each has its peculiarities. We have noticed

the tendencies of simple exudation to be transformed into

pus or fibres, according to its seat. In the former case, the

pus cells break down, and are re-absorbed in a disintegrated

and fluid condition into the blood ;
in the latter, permanent

fibrous tissue is produced, constituting chronic adhesions or

cicatrices. The cells of a cancerous growth may also dege-

nerate or decay, but this rarely takes place throughout the

whole structure. But it is not uncommon to find in certain

encephalomatous tumours yellow matter, either in masses

or reticulated through its substance (cancer reticulare of

Muller). This is generally owing to fatty degeneration of

the cancer cells. (See “ Fatty Degeneration,” p. 217.) The

fibrous structure of cancer may also increase, and occa-

sionally produce cicatrization. Tubercle possesses no such

fibrous stroma ;
but is infiltrated among the elements of

various organs, the vascularity of which it tends to destroy.

This, indeed, is the reason why a cancerous tumour increases

by growth, which tubercle cannot be said to do ; the former

is vascular, the latter is not : in the one, cells are forme

which have the power of re-development ;
m the other, no
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reproductive cells are produced. In cancer, the morbid

matter circulating in the blood (whatever that is) is con-

centrated or attracted to the cancerous part, and should

none afterwards be present, the healthy blood is made sub-

servient to the purpose of nourishing a foreign growth. In

tubercle, successive fresh exudations only are made, which,

by their accumulation, augment the volume or amount of

the morbid product.

All three forms of exudation may be rendered abortive

by the animal matter being broken down and absorbed,

while the mineral matter remains, constituting a cretaceous

or calcareous concretion. This is not unfrequently seen

as the result of simple exudation ; is rare in cancerous, but

very common in tubercular exudation.

During the disintegration of simple, cancerous, and

tubercular exudations, the animal matter broken down is

again rendered fluid, re-passes into the blood, and then

constitutes that excess of fibrin detected by chemists. The
quantity of this will of course vary according to the amount

of the exudation and the activity of the disintegrating pro-

cess. In the blood this effete matter undergoes a series of

chemical changes, preparatory to its excretion by the dif-

ferent emunctories, but more especially by the kidneys, in

the form of various sediments. The resolution of simple

exudation is generally accompanied by the presence of

such urinary sediments, which indicate pretty clearly in

what way, after it has passed through the phases of develop-

ment described, it is at length discharged from the body.

In the same manner, the amount of these sediments fre-

quently points out the extent of absorption going on in

cancerous and tubercular exudations.

Another theory has been advanced regarding the various

products of exudation as we have described them—viz.,

that instead of being new formations in an exuded blood
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plasma, they are only modifications of pre-existing texture.

According to this view, pus-cells are only altered epithelial

ones, cancer-cells are an increased development of gland or

other cells, and tubercle corpuscles are a degeneration or

“ necrosis” of these. This theory, though it has many

facts for its support, is opposed by others ;
so that its fallacy

is easily demonstrated. For instance, pus-cells may occur

in tissues where no epithelial cells exist, as among muscies,

while cancer and tubercle are both found in the white sub-

stance of the brain, where there are no cells to develop

themselves in the one case, or to degenerate in the other.

Theory of Morbid Groivths of Texture.

This comprehends a consideration of the origin, develop-

ment, propagation, and decline of morbid growths. Doubt-

less many facts are yet to be discovered as to the struc-

ture, chemical composition, and mode of formation of mor-

bid growths ; but enough has been ascertained of late years,

from combined histological and clinical research, to neces-

sitate great modifications in the views previously held

regarding them. The following account, it is only right

to say, is derived not only from careful study of what has

been written by others, but from a large amount of original

investigation.

Origin of Morbid Growths.—All morbid growths con-

sist— In augmented development of pre-existing tex-

tures (so-called homologous or homeomorphous growths)

;

2c/) Of new elements which have no previous existence in

the economy (so-called heterologous or heteromorphous

growths) ;
and 3d, Of these two sorts of growth mingled

together. The causes which induce them are of two

kinds,

—

\st, Local irritation, excited directly or indirectly ;
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and 2d, Constitutional or unknown changes, supposed to

operate through the blood. Thus the direct stimulus of

a blow may so irritate the tissue of a part as to excite

increased nutritive action, so causing hypertrophy, or it

may give rise to an exudation ; and irritation at a distance

may, through the nervous system, produce like effects, as

when the female mamma is influenced by the state of the

uterus. If, on the other hand, the constitution be affected,

such local changes may assume peculiar characters. In

this manner, age, sex, hereditary predisposition, and con-

comitant disorders, as syphilis and cancer, not only modify,

but give rise to morbid growths.

It has been a favourite idea with pathologists that mor-

bid growths have fixed tendencies from the beginning,

such as are impressed upon the ova of various animals, in

virtue of which they are necessarily developed in certain

directions. If so, this is not traceable to any peculiarity

of structure or chemical composition. In this respect

morbid growths are like healthy ones, which, however dif-

ferent in ultimate composition, all originate in a finely

molecular blastema. A careful observation of the subse-

quent development of these growths, however, seems to

indicate that specific differences are not impressed upon

them from the first—that one does not, as a matter of

course, exclude the other, and that any of the classes into

which they have been divided may supervene upon pre-

existing ones. For instance, persons may have a fibrous

or glandular growth, and after a time its blood-vessels may
pour into it a cancerous exudation, or this latter may un-

dergo a fibrous or fatty transformation. It is only in this

manner we can explain numerous cases, which are daily

observable in practice, where indolent fibrous tumours sud-

denly assume increased power of development, and become
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cancers, or where these last slough out, and subsequently

cicatrize.

Besides these constitutional causes, locality and the

nature of pre-existing textures have a considerable influence

on the formation of morbid growths. Thus, as a general

rule, fibrous growths are common in fibrous textures, car-

tilaginous and bony growths in osseous ones, epithelial

growths on epidermic and mucous membranes, and so on.

Yet even here the system generally occasions differences.

For example, osseous growths in rheumatic constitutions

occur at the extremities of long bones ; but in syphilitic

ones, choose in preference their shafts. In youth, epithe-

lioma occurs in the form of warts on the hands; in syphi-

litic people it occurs in the genitals ;
in chimney-sweeps,

on the scrotum ;
in smokers, on the lips, &c. This con-

joined influence of constitution and locality indicate the

complex causes necessary to produce the results, a study

of which is of the greatest moment to the physician, who

is desirous, through the former, of operating on the latter,

or the contrary, as previously explained in the sketch of

the function of nutrition.

Development of Morbid Growths.—All morbid growths,

once formed, continue to grow according to the histological

laws which regulate development in the textures generally;

that is to say, after arriving at a certain point, they attract

from the blood-vessels in the neighbourhood, or from such

new ones as are formed within themselves, the nutiitive

materials whereby they augment in bulk. In voluntary

muscular fibre, this appears to be accomplished by the

fasciculi multiplying fissiparously. In non-voluntary con-

tractile fibre, also, the individual fusiform cells multiply,

enlarge, and elongate ; a change well observed in the preg-

nant uterus, in which organ many of the small non-con-
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tractile spindle-shaped fibres enlarge, become contractile,

and then undergo the fatty degeneration, break down, and

ultimately disappear. In the same manner, the elementary

parts in hypertrophies of other textures augment fissipa-

rously or endogenously, as in bone and cartilage.

Other forms of morbid growth, especially tumours, are

very variable as to rapidity of increase and volume ; but

the manner in which the development is accomplished is of

three distinct kinds :

—

1st, The elementary textures are

produced in the same manner as they are in adult tissues.

They are either more numerous or larger, but preserve

their normal relation and mode of arrangement (lipoma ,

adenoma, angionoma). 2d, A matter is thrown out from

the blood, which serves as a blastema for the formation of

cells, which may be detected in various stages of develop-

ment, undergoing the same changes that similar textures

are seen to present in the embryo (fibroma ,
osteoma). 3d,

The cells, whether pre-existing or newly formed, assume

such a property of self-multiplication that their normal

relation and mode of arrangement is destroyed
(
epithelioma,

,

enchondroma
,
carcinoma). These three modes of increase

may occur singly or united. Any one or two of them may

be superadded to the third, and their occurrence at different

times, and in various proportions, accounts to a great extent

for the apparent anomalies exhibited in the progress of

individual growths.

The third mode of development just alluded to deserves

special consideration. It consists of the same kind of en-

dogenous multiplication of cells, with this difference, that

sometimes these cells previously existed, whilst at others

they have been newly formed in an exudation. Thus the

cells in softened cartilage or brain, and those in ence-

phaloma, may be identical
;
yet the one takes its origin in

pre-existing normal cells, whilst the other must arise in
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the new cells of an exudation, as the white substance of

the brain contains no corpuscles from which they could be

developed. In the cornea and epithelium similar changes

occur, as well as in the bones and mesenteric glands. Yet

this lesion, so closely allied in its essential nature, has in

these different textures been called by different names, and

widely separated pathologically. In the non-vascular cor-

nea and cartilage it has been called inflammation, but in

the equally non-vascular epithelium it has been named

cancer. Again, in the vascular bones and glands it has

received various names, such as osteo, or medullary sar-

coma, enlarged glands, & c. ;
whilst in the brain and other

localities it has been called encephaloma, or soft cancer.

It seems to us that in all these cases the lesion is the

same, and that an advanced knowledge of their nature

should lead us to group them together. Calling some of

them inflammation, and others cancer, supposing the first

to be innocent, and the last malignant, is, we contend, in-

correct pathology. True theory points out that all these

lesions are equally destructive, in consequence of increased

endogenous cell growth, and practical experience has long

determined the question of their being alike diflicult to

control.

As a general rule, the greater the number of cells any

growth contains, the more rapidly it extends. Hence why

a tumour is subject to the laws which govern develop-

ment and multiplication of cells in addition to those con-

nected with locality and the general powers of the constitu-

tion. Thus, room for expansion, and the amount of tempe-

rature and moisture, exercise undoubted influence over mor-

bid growths. We see the influence of room for expansion

in the cases of adenoma and carcinoma. In adenoma the

cells are confined within pouches or ducts. They become

crowded on each other ;
and thus, by means of compression,
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tend to atrophy and breaking down, rather than to self-mul-

tiplication. This is assisted if the distension from within

so irritates the fibrous stroma of the gland that it becomes

hypertrophied, and occasions a further obstacle to expan-

sion around the seat of cell increase. In carcinoma, we
observe that the growth takes place in extent and rapidity

proportionally to the number and power of expansion in

the cells. If compressed by much fibrous or hard tissue,

they multiply slowly
;
but if an ulceration occurs, say in

the skin, then they become developed rapidly, and consti-

tute the so-called soft fungoid excrescences. Heat and

moisture, as they are essential to cell growth throughout

the animal and vegetable worlds (increased temperature

with fluidity favouring, cold and dryness checking it,

within certain limits), so the influence of these physical

agents may be observed to be equally powerful in morbid

growths. Rapid augmentation of a tumour is generally

accompanied by increased heat and softening of the parts,

whilst colder and harder swellings develop themselves

slowly.

Propagation of Morbid Growths .—It has seemed to most
pathologists that, while some morbid growths are local, and
if removed by the surgeon, do not return, others are con-

stitutional or general, and if cut away, exhibit a great ten-

dency to come back. The former have been called inno-

cent or benignant
,
and the latter malignant. So far has

the notion of malignancy in certain growths been carried,

that surgeons have refused to remove them, not because
they are inaccessible, or so connected with anatomical parts

as to render the operation directly dangerous to life, but
simply because they thought the disease was in the blood,

and that cutting away the local swelling would either be
useless, or give increased activity to the lesion.
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But modern research has demonstrated that every kind of

morbid growth maybe malignant in whatever sense that term

be employed, whether used to signify a growth incurable ; re-

curring after the operation or primary lesion ; as infiltiating

neighbouring or distant tissues and organs ;
or as continuing

its progress and destroying life in spite of all the resources

of art. On the other hand, it is easy to prove that all these

forms of growth may either disappear spontaneously, or be

cured successfully by operation. While, however, we con-

tend that there is no growth which may not be malig-

nant, and none which may not be innocent, it is not de-

nied that some have a greater tendency to spread and

affect the system than others. In reference to treatment,

therefore, it becomes of the greatest importance to deter-

mine the laws which apparently govern the propagation and

multiplication of morbid growths, or the circumstances

which render—say carcinoma and epithelioma more sus-

ceptible of being communicated to neighbouring and inter-

nal organs than purely fibrous or osseous ones.

There is one circumstance which has been overlooked

by pathologists, viz., that certain growths abounding in cells

have a great disposition to infiltrate themselves among mus-

cles and neighbouring parts, and may be detected theie by

the microscope, although invisible to the naked eye. In

many cases where the surgeon thinks he has removed a

morbid growth, he really leaves multitudes of germs behind,

which continue to propagate the disease. Hence one of the

chief causes of propagation among growths is, that the cells

in the process of development become infiltrated among

neighbouring tissues. But how do they accomplish this?

Van der Kolk suggests that the fluids which they contain

min.de with the juice of the parenchymatous substance

around them, and that in the latter there are deposited

molecules and granules, which, having received from the



THEORY OF MORBID GROWTHS. 215

former certain tendencies to evolution, are ultimately trans-

formed into similar structures. This view is not only ex-

ceedingly ingenious but very probable, and will serve to

explain how the blood and distant organs are secondarily

affected. The notion of solid germs floating in the blood

has no facts in its support, but the idea of a fluid secreted

by cells being absorbed is consonant with every known law

of nutrition.

The fluid, then, of a morbid growth, elaborated in the

process of its development, and the result of cell or other

formation, would seem to be the most probable material

whereby secondary growths are produced. We have seen

that many tumours which have no cells may be recurrent,

and attack tissues secondarily. Still, they all contain a

parenchymatous juice, and as a general rule those that are

most soft and pulpy are most liable to return. Many facts,

therefore, show that constitutional tendencies do exist for

the reproduction of morbid growths similar to those which

have previously been formed. A recurrence of all diseases,

and especially of apoplexy, epilepsy, rheumatism, bronchitis,

&c., is equally common, and appear to follow the same
law. But the idea, that because they do so they should be

separated under the name of “ malignant,” appears to us

unpathological. Multiplying the numbers of cancers seems

equally faulty. We may just as correctly talk of a rheu-

matism being innocent or malignant, as apply those terms

in different cases to fibrous, cartilaginous, osseous, or other

kinds of morbid growth, for no other reason than because

sometimes they are local, and at others more general.

Decline or Degeneration of Morbid Growths.—In their

decline, as in their development, the various kinds of mor-
bid growths follow the laws which regulate degeneration of
texture. Some, as lipoma and adenoma, have been known
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to be gradually absorbed and disappear. Others undergo

the albuminous, fatty, mineral, or pigmentary transforma-

tions to be subsequently described, lo enter into the pe-

culiarities of each morbid growth in this respect would lead

us too far. All that need be said here is, that every kind of

morbid growth may degenerate, and prove abortive in one

way or another. Cancer especially lias been known to

slough out, and heal by cicatrix, besides having been

checked in its development and rendered abortive in eveiy

known mode of retrograde transformation.

Theory of Degenerations of Texture.

Degenerations of texture, as previously stated, may be

classified into four groups viz., the Albuminous, Fatty,

Pigmentary, and Mineral degeneiations.

Albuminous Degeneration.—It has been previously

pointed out that albumen is essential to nutrition, and that

it forms the basis of the blood and of the tissues. The

flesh which constitutes the food of Carnivora, and the albu-

men which comprises so large a portion of the fodder of

Graminivora, are alike, by the solvent action of the digestive

i uices, reduced to a fluid state. In this condition it passes into

the blood, forming the walls of the blood corpuscles, besides

entering largely into the constitution of the liquor sanguinis

as serum —that is, albumen dissolved in water. During the

building up process of the former it undergoes various

transformations, among which those of its conversion into

the fibrin of flesh and the gelatine of bones are perhaps the

most important. By its association with the other proxi-

mate principles also, it enters into the composition of every

texture end organ in the body, and again joins the blood

a, albumen, mixed with a minute portion of effete matter
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as fibrin. There can be no doubt, as we shall subsequently

see, that under certain circumstances it may be changed

into fat ;
and the multitudinous transformations this im-

portant element is susceptible of making well merits the

term which, in its pure state, Mulder bestowed upon it,

namely, that of “ proteine.”

As albumen, we have seen how it may produce abnormal

states of the tissues in various forms. The essential con-

ditions for this kind of degeneration appear to be— ls£,

Extreme slowness of effusion from the blood-vessels, as in

cases of chronic tubercle and fibroid transformation
;
and

2d, Mechanical obstruction of the veins in some part of

the circulation, giving rise to dropsy. In the former case,

it is favoured by excess of acidity in the primae vise, which,

by its power of dissolving the albuminous compounds, must
assist in adding this element to the blood in undue propor-

tion. Why, on the other hand, muscles, cartilage, and the

exudations should sometimes pass into the albuminous

fibroid degeneration, under pretty much the same circum-

stances that at others they become fatty, is a point in pa-

thology which is still involved in the utmost obscurity.

Fatty Degeneration .—The causes of fatty degeneration

are to be sought in all those circumstances which, while

they weaken the vital action of a part, do not interfere ma-
terially with the assimilation of hydro-carburets. Yet tire

disease is not purely local, as it may frequently be observed
that the kidneys, liver, heart, and other textures are prone
to undergo the fatty change in the same person. Hence
everything that increases fatty matter in the blood, such
as its introduction by means of assimilation, or its not pass-

ing off in consequence of diminished excretion, tends to its

production. Thus indulgence in rich food, and alcoholic
liquors abounding in carbon, especially if there be little

p
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exercise, occasion it. Whether the fatty matter be depo-

sited directly from the blood, or whether it be the subse-

quent result of a chemical transformation of tissue or exu-

dation, has excited great discussion. Dr Quain supports

the latter view, and has performed experiments, whereby

it would seem that healthy muscular fibrin may be rendered

fatty artificially by digesting it for a fortnight in water. We

have repeatedly seen muscles and bones converted into

adipocere during the maceration in water necessary to

clean the latter, and frequently examined the former during

the process, so as to be satisfied that the fibrinous material

of flesh undergoes a chemical transformation into fat. We

believe with Quain that the same thing occurs in the living

body, not only when dead tissues are inclosed in it, as in

the experiments of Wagner, but slowly in living texture,

until its vigour is at length so impaired that it is incapable

of performing its function. This view in no way excludes

the probability that in certain cases fatty matter may trans-

ude occasionally through the vessels in a fluid state, and

collect outside, or be infiltrated to a certain extent among

neighbouring textures in a molecular form. Further, we

have seen that it may occur within cells as a secretion ;
and

by its accumulation, not only may cause atrophy of the nu-

cleus, but obstruction of tubes, and an endless variety ot

organic and functional derangements in the economy, ac-

cording to the extent and seat of the degeneration.

Pigmentary Degeneration.—The formation and modifi-

cations of pigment, as observed in plants and animals, is a

subject which has been little studied, and opens up a wide

field of inquiry for the chemical histologist. But in endea-

vouring to ascertain the causes which give rise to change

of colour in the textures, we may attend to the followmg

circumstances :

—
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\st, Colouring matter bears a certain relation to the non-

nitrogenous and oily constituents both in plants and ani-

mals. Thus, vegetable oils and resins are seen to form

where starch or chlorophyle is collected, and these sub-

stances disappear in the cells as the quantity of oil in them

increases. In animals we almost always find pigment asso-

ciated with fat. The brilliant colours of the Invertebrata

are so many coloured fats, and the pink fat of the salmon,

and green fat of the turtle, indicate the same relation in

animals higher in the scale. The epidermic appendages,

which are generally coloured, are always covered with fat,

secreted by a special apparatus—the sebaceous glands.

The blood corpuscles are intimately associated with the

chyle, which is an oily emulsion; and the bile is rich in fat.

In diseased conditions of the liver, the hepatic cells often

contain oil, to the exclusion of the yellow pigment.

2d, It would appear that light, heat, and exposure to

atmospheric air are connected with the production of pig-

ment. The young leaves of plants are much lighter than
those which are older, and the hair of young animals is not
so dark as that of the adult. In autumn, the leaves fade, and
become biown, reddish, or yellow; and in man, we observe
that the pigment of the hair ceases to be formed in ad-
vanced age, which at length becomes white. Young fruit

is green, and as it ripens the part exposed to the sun is

most coloured. Exposure ol the skin of man, as is well
known, renders it darker; and the fairest skinned indivi-

duals (whose integuments are well loaded with fat) are
those who are most subject to freckles. Then it must be
remembered that while light evolves colour in living, it

destroys pigment in dead textures.

Now, the decomposition of the atmosphere is carried on
in vegetables by the leaves, under the stimulus of light,
and in animals by the lungs and skin. In plants, the leaves
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fix the carbon and give off the oxygen ;
in animals the

lungs receive oxygen, while carbon is separated in the form

of carbonic acid by the same organs, and oxygen in com-

bination with water, in the form of exhalation, is given oft

both by the lungs and skin. That the skin is connected with

respiration is proved by the fact, that if its functions are in-

terrupted, pulmonary diseases, and even asphyxia, are the

common results. Carbon is also separated in the form of

oily matter largely by the skin and by the liver, an oigan

also connected with respiration.. Hence why Europeans in

tropical climates, by breathing a rare atmosphere, eating

well, and taking little exercise, are liable to hepatic dis-

eases. Thus the lungs, skin, and liver are intimately asso-

ciated in the function of excreting carbon ;
and it is curious

that these are the three organs in which pigment is formed.

The blood must be brought to the lungs to receive fresh

oxygen and give off its carbonic acid, and it is then the

white corpuscles of the chyle become coloured, while the

blood itself is rendered bright scarlet. On the other hand,

the accumulation of carbonic acid in the capillaries com-

municates the darker tint characteristic of venous blood.

3d, There seems to be a certain connection between

the materials introduced into the structure of the plant or

animal by means of the soil and of food. Some plants are

rich in acids, others in alkalies, or various salts original y

derived from the soil, and we have seen that these re-agents

operate on colouring matter. Although this subject has

been very slightly investigated, we can still perceive how,

by the evolution of chemical products acting on different

pigments, the various shades of colour may be occasioned

which we observe in most plants and some animals at cer-

tain seasons. Thus green chlorophyle may be changed in

one place into a yellow resin, and in another, by the forma-

tion of ulmic or other acids, be transformed to reddish or
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brown. In animals, tlie influence of nutrition is traced

with more difficulty ; but even here we may discern that

at certain seasons (such as that of breeding) new products

are evolved, which, by operating on the blood or the

vital properties of cells, may eliminate more or less colour.

According to Hensinger, carbonaceous food used in excess

tends to the production of pigment, and hence he explains

how the Greenlanders, notwithstanding the cold, are dark

coloured from their constant consumption of fat.

Mineral Degeneratio7i .—We have already seen that

sometimes this takes place in such a regular manner as to

form bone, which replaces the pre-existing texture,—as

in muscle, membrane, or certain exudations and tumours.

But at others it enters into the constitution of a texture

dissolved in fluid, and is thus deposited in or throughout its

substance, changing its physical and destroying its vital

characters. In this way we separate mineral degenerations

from concretions, which are accidental collections in hollow

viscera, although undoubtedly they insensibly pass into one

another. There is scarcely perhaps any tissue, whether

elementary or compound, that may not undergo the mineral

degeneration. But it is frequently observed in the coats

of blood-vessels more or less associated with atheroma, in

exudations, in certain morbid growths—rarely in nervous

texture.

All these forms of degeneration may pass into concre-

tions, but are separated from them essentially by being

transformations of tissue ; while concretions, for the most

part, are primary precipitations from fluids.
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Theory of Parasitic Growths.

Vegetable Parasites .—It was the demonstration by Bassi

in 1837 of the vegetable nature of the disease named mus-

cardine in silk-worms, which causes so great a mortality

among those animals, which opened up to pathologists a

new field for observation, and led to the discovery that cer-

tain disorders in the higher animals, and even in man him-

self, were connected with the growth of parasitic plants of

a low type. Schonlein of Berlin was the first to detect

them in favus-crusts ;
and since then they have been found

in mentagra, pityriasis, and other diseases of the skin, in

various exudations on mucous surfaces, in the stomach of

dyspeptics, and in tubercular cavities of the lungs. They

belong to the lowest forms of vegetable life, never reach-

ing an organization higher than the Algae and Fungi. They

grow in such portions of diseased animal matter as present

certain conditions necessary for their germination, and sel-

dom, if ever, spring from the healthy tissues. Such growths

in living animals indicate impairment of the nutritive func-

tions, or diminished vital power in the economy. Hence

why they are commonly found in young or scrofulous per-

sons with skin eruptions, and in such as are labouring under

prostrating diseases,—as typhus, dysentery, or other epi-

demic disorders. Numerous efforts to propagate these vege-

tations in healthy tissues have failed, but if inflammation

be excited, or abrasions and sores occasioned, then, by

fastening down portions of the fungus, it may be made to

grow on the unhealthy parts. Boys at school frequently

propagate the disease by wearing each other’s caps, or using

the same combs. Hence why favus,
or ringwoim, is so

difficult to eradicate from charity institutions md exten-

sive schools. The mode of development of these growths is
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the same essentially as that of most cryptogamic plants, and

may be easily seen in any well charactei lzed specimen oi

favus-crust. This consists of branched thalli, with vari-

able-sized elongated cells, separated by partitions, the tei -

minal ones forming mycelia, with sporules developing within

them. Occasionally they present round clusters or chains

at the extremity of the branches. The square masses oi

Sarcina are developed fissiparously.

Animal Parasites enter the body by the food or drink ;

others as ova, or in some stage of transformation. The

mystery which so long enveloped the origin and develop-

ment of tape-worms is now removed by the labours oi

modern helminthologists, as has been previously explained

under the head of “ Reproduction.”

DISEASES OF INNERVATION.

The manner in which the different parts of the nervous

system have their functions deranged or suspended is only

to be understood by paying attention— 1st, To the pathologi-

cal laws which seem to govern morbid actions in them ; and

2d, To the definition of what constitute special nervous dis-

eases, and the general causes producing them. It should

be remembered that the encephalon, spinal cord, and nerves

consist of an aggregation of organs more or less connected

together, the functions of which, especially as regards the dif-

ferent parts ofthe encephalon, are by no means determined.

In health these act in harmony, but in disease they are so

irregularly disordered that, while the action ofone is excited,

that of another may be perverted or annihilated. These
derangements of the nervous system are capable of assum-
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ing at various times every conceivable disorder of in-

telligence, sensation, and motion ; so that not only may all

kinds of diseases which have received names be simu-

lated, but the symptoms may be so curiously combined as

to set all arbitrary nosological classifications at defiance. If

it be farther remembered that through the brain, spinal

cord, and nerves the functions of every organ in the body

may be more or less influenced, the endless variety of local

as well as of general derangements may perhaps be ima-

gined. Then nothing is more common than to observe some

of the most fatal nervous diseases, such as hydrophobia,

leaving after death no lesion detectable by the most care-

ful histological examination, whilst on other occasions tu-

mours and extensive destruction of the cerebral mass may

exist, without producing any effects whatever. Notwith-

standing these difficulties, careful observation, conjoined

with a knowledge of physiology, will enable us to approxi-

mate closely towards, if not actually reach, a correct view

of the disease in the great majority of cases.

GENERAL PATHOLOGY OP THE NERVOUS SYSTEM.

The following are the pathological laws which seem to

regulate diseased action of the nervous centres :

—

1. The amount of fluids within the cranium must

always he the same so long as its osseous walls are capable

of resisting the pressure of the atmosphere. That the

circulation within the cranium is different from that in

other parts of the body was first pointed out by the

second Monro. It was tested experimentally by Dr Kellie

of Leith, ably illustrated by Dr Abercrombie, and success-

fully defended by Dr John Reid. The views adopted by

these distinguished men were, that the cranium forms a



CIRCULATION WITHIN THE CRANIUM. 225

spherical bony case capable of resisting the atmospheric

pressure, the only openings into it being the different fora-

mina by which the vessels, nerves, and spinal cord pass.

The encephalon, its membranes and blood-vessels, with

perhaps a small portion of the cerebro-spinal fluid, com-

pletely fill up the interior of the cranium, so that no sub-

stance can be dislodged from it without some equivalent

in bulk taking its place. Dr Monro used to point out

that a jar or other vessel similar to the cranium, with un-

yielding walls, if filled with any substance, cannot be

emptied without air or some substance taking its place.

To use the illustration of Dr Watson, the contents of the

cranium are like beer in a barrel, which will not flow out

of one opening unless provision be made at the same time

that air rushes in. The same kind of reasoning applies to

the spinal canal, which, with the interior of the cranium,

may be said to constitute one large cavity, incompressible

by the atmospheric air.

Before proceeding further, we must draw a distinction

between pressure on, and compression of, an organ. Many
bodies are capable of sustaining a great amount of pres-

sure without undergoing any sensible decrease in bulk.

By compression must be understood that a substance oc-

cupies less space from the application of external force, as

when we squeeze a sponge, or compress a bladder filled

with air. Fluids generally are not absolutely incompres-

sible
; yet it requires the weight of one atmosphere, or 15 lb.

on the square inch, to produce a diminution equal to

STr&inflh Part of the whole. Now, this is so exceedingly

small a change upon a mass equal in bulk to the brain as

not to be appreciable to our senses. Besides, the pres-

sure on the internal surface of the blood-vessels never ex-

ceeds 10 or 12 lb. on the square inch during the most
violent exertion

;
so that, under no possible circumstances
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can the contents of the cranium be diminished even the

_^^th part. When the brain is taken out of the cra-

nium, it may, like a sponge, be compressed by squeezing

fluid out of the blood-vessels ; but during life, surrounded

as it is by unyielding walls, this is impossible. For let us,

with Abercrombie, say that the whole quantity of blood

circulating within the cranium is equal to ten,—that is, five

in the veins, and five in the arteries ;
if one of these be

increased to six, the other must be diminished to four, so

that the same amount, ten, shall always be preserved. It

follows, that when fluids are effused, blood extravasated,

or tumours grow within the cranium, a corresponding

amount of fluid must be pressed out, or of brain absorbed,

from the physical impossibility of the cranium holding

more matter. At the same time, it must be evident that

an increased or diminished amount of pressure may be ex-

erted on the brain proportioned to the power of the heart’s

contraction, the effect of which will be, not to alter the

amount of fluids^within the cranium, but to cause, using

the words of Abercrombie, “ a change of circulation
”

there.

Dr Kellie performed numerous experiments on cats and

dogs in order to elucidate this subject. Some of these

animals were bled to death by opening the carotid 01

femoral arteries, others by opening the jugular veins. In

some the carotids were first tied, to diminish the quantity

of blood sent to the brain, and the jugulars were then

opened, with the view of emptying the vessels of the brain

to the greatest possible extent ;
while in others the jugu-

lars were first secured, to prevent as much as possible the

return of the blood from the brain, and one of the carotids

was then opened. He inferred, from the whole inquiry,

which was conducted with extreme care,—“ That we can-

not, in fact, lessen to any considerable extent the quan-
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tity of blood within the cranium by arteriotomy or vene-

section ; and that when, by profuse haemorrhages destruc-

tive of life, we do succeed in draining the vessels within

the cranium of any sensible portion of red blood, there is

commonly found an equivalent to this spoliation in the in-

creased circulation or effusion of serum, serving to main-

tain the plenitude of the cranium.”

Dr Kellie made other experiments upon the effects of

position immediately after death from strangulation or

hanging. He also removed a portion of the unyielding

walls of the cranium in some animals by means of trephine,

and then bled them to death ; and the differences between

the appearances of the brain in these cases, and in those

where the cranium was entire, were very great. One of

the most remarkable of these differences was its shrunk ap-

pearance in those animals in which a portion of the skull

was removed, and the air allowed to gravitate upon its inner

surface. He says,
—“ The brain was sensibly depressed

below the cranium, and a space left, which was found

capable of containing a teaspoonful of water.”

It results from these inquiries that there must always

be the same amount of fluids within the cranium so lonir

as it is uninjured. In morbid conditions these fluids may
be blood, serum, or pus ; but in health, as blood is almost

the only fluid present (the cerebro-spinal fluid being very

trifling), its quantity can undergo only very slight altera-

tions. There are many circumstances, however, which

occasion local congestions in the brain, and consequently

unequal pressure on its structure, in which case another

portion of its substance must contain less blood, so that the

amount of the whole, as to quantity, is always preserved.

These circumstances are mental emotions, haemorrhages,

effusions of serum, and morbid growths. Such conges-

tions, or local hyperhemias, in themselves constitute morbid
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conditions ;
and nature lias to a great extent provided

against their occurrence under ordinary circumstances, by

the tortuosity of the arteries and the cerebro-spinal fluid,

described by Magendie.

Dr Burrows has brought forward several observations

and experiments, which he considers opposed to the theory

now advocated. His facts are perfectly correct. "W e have

repeated his experiments on rabbits, and can confirm his

descriptions. It is the inferences he draws from them

that are erroneous. For the paleness which results from

haemorrhage, and the difference observable in the colour of

the brain when animals immediately after death are sus-

pended by their ears or by their heels, is explicable by the

diminished number of coloured blood particles in the one

case, and by their gravitation downwards in the other.

That the amount of fluid within the cranium was in no way

affected, is proved by the plump appearance of the brains

figured by Dr Burrows, and the total absence of that

shrunken appearance so well described by Dr Kellie.

Neither does our observation of what occurs in asphyxia

or apncfea oppose the doctrine in question, as Dr Burrows

imagines, but rather confirms it.

On the whole, whether we adopt the terms of local con-

gestion, of change of circulation within the cranium, 01 of

unequal pressure, our explanation of the pathological phe-

nomena may be made equally correct, because each of

these modes of expression implies pretty much the same

thing. But if we imagine that venesection will enable us

to diminish the amount of blood in the cerebral vessels, the

theory points out that this is impossible, and that the effects

of bleeding are explained by the influence produced on the

heart, the altered pressure on the brain exercised bv its

diminished contractions, and the change of circulation within

the cranium thereby occasioned.
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2. All the functions of the nervous system may he in-

creased, perverted, or destroyed, according to the degree of

stimulus or disease operating on its various paits. Thus,

as a general rule, it may be said that a slight stimulus pio-

duces increased or perverted action, whilst the same stimulus,

long continued or much augmented, causes loss of func-

tion. All the various stimuli, whether mechanical, chemical,

electrical, or psychical, produce the same effects, and in dif-

ferent degrees. Circumstances influencing the heart s ac-

tion, stimulating drinks or food, act in a like manner. Thus,

if we take the effects of alcoholic drink for the purpose of

illustration, we observe that, as regards combined move-

ments, a slight amount causes increased vigour and activity

in the muscular system. As the stimulus augments in in-

tensity, we see irregular movements occasioned, stagger-

ing, and loss of control over the limbs. Lastly, when the

stimulus is excessive, there is complete inability to move,

and the power of doing so is temporarily annihilated.

With regard to sensibility and sensation, we observe cepha-

lalgia, tingling, and heat of skin, tinnitus aurium, confu-

sion of vision, muscce volitantes
,
double sight, and lastly,

complete insensibility and coma. As regards intelligence,

we observe at first rapid flow of ideas, then confusion of

mind, delirium, and, lastly, sopor and perfect unconscious-

ness. In the same manner, pressure, mechanical irritation,

and the various organic diseases, produce augmented, per-

verted, or diminished function, according to the intensity

of the stimulus applied or amount of structure destroyed.

Then it has been shown that excess or diminution of

stimulus, too much or too little blood, very violent or very

weak cardiac contractions, and plethora or extreme exhaus-

tion, will, so far as the nervous functions are concerned,

produce similar alterations of motion, sensation, and intelli-

gence. Excessive haemorrhage causes muscular weakness,
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convulsions, and loss of motor power, perversions of all

the sensations, and lastly, unconsciousness from syncope.

Hence the general strength of the frame cannot be

judged of by the nervous symptoms, although the treat-

ment of these will be altogether different, according as

the individual is robust or weak, has a full or small

pulse, See. These similar effects on the nervous centres

from apparently such opposite exciting causes, can only

be explained by the peculiarity of the circulation pre-

viously noticed. A change of circulation within the cranium

takes place, and whether arterial or venous congestion

occurs, pressure on some portion of the organ is equally

the result. The importance of paying attention to this

point in the treatment must be obvious.

3 . The seat of the disease in the nervous system in-

fluences the nature of the 'phenomena or symptoms pro-

duced.—As a general rule, it may be stated that disease 01

injury of one side of the encephalon especially influences

the opposite side of the body. It is said that some very

striking exceptions have occurred to this rule, but these at

any rate are remarkably rare. Besides, it is probable that,

inasmuch as extensive organic disease, if occurring slowly,

may exist without producing symptoms, whilst it is certain

most important symptoms may be occasioned without or-

ganic disease, even these few exceptional cases are really

not opposed to the general law. Then, as a general

rule, it may be said that diseases of the brain proper are

more especially connected with perversion and alteration

of the intelligence ;
whilst diseases of the cranial portion ot

the spinal cord and base of the cranium are more particu-

larly evinced by alterations of sensation and motion. In

the vertebral portion of the cord, the intensity of pain and

of spasm, or want of conducting power, necessary to sensa-
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tion and voluntary motion, indicates the amount to which

the motor and sensitive fibres are affected. Further than

this we can scarcely generalize with prudence.

The fatality of lesions affecting various parts of the

nervous centres varies greatly. Thus the hemispheres

may be extensively diseased, often without injury to life, or

even permanent alteration of function. Convulsions and

paralysis are the common results of disease of the ganglia

in the cranial portion of the cord. The same results from

lesion of the pons Varolii. But if the medulla oblongata
,

where the eighth pair originates, be affected, or injury to

this centre itself occur, it is almost always immediately

fatal.

4. The rapidity or slowness with which the lesion oc-

curs influences the phenomena or symptoms produced.— It

may be said, as a general rule, that a small lesion—for in-

stance, a small haemorrhagic extravasation—occurring sud-

denly, and with force, produces, even in the same situation,

more violent effects than a very extensive organic disease

which comes on slowly. This, however, will depend much
upon the seat of the lesion. Very extraordinary cases are

on record where large portions of the nervous centres have

been much disorganized without producing anything like

such violent symptoms as have been occasioned at other

times by a small extravasation in the same place. Here,

again, the nature of the circulation within the cranium offers

the only explanation, for the encephalon must undergo a

certain amount of pressure, if no time be allowed for it to

adapt itself to a foreign body ; whereas any lesion coming
on slowly enables the amount of blood in the vessels to be
diminished according to circumstances, whereby pressure

is avoided.
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5. The various lesions and injuries of the nervous system

produce phenomena similar in kind.— 1 lie injuries which

may be inflicted on the nervous system, as well as the

morbid appearances discovered after death, are various.

For instance, there may be an extravasation of blood, exu-

dation of lymph, a softening, a cancerous tumour, or tuber-

cular deposit, and yet they give rise to the same nervous

phenomena, and are modified only by the circumstances

formerly mentioned, of degree, seat, suddenness, &c. Cer-

tain nervous phenomena also are of a paroxysmal character,

whilst the lesions supposed to occasion them are stationary

or slowly increasing. It follows that the effects cannot be

ascribed to the nature of the lesions, but to something

which they all have in common ;
and this apparently

may consist of—Is*, Pressure, with or without organic

change ;
2d, More or less destruction or disorganization of

nervous texture. Further, when we consider that the same

nervous symptoms arise from irregularities in the circula-

tion ;
from increased as well as diminished action ;

some-

times when no appreciable change is found, as well as when

disorganization has occurred ;
the theory of local conges-

tions to explain functional alterations of the nervous centres

seems the most consistent with known facts. That such

local congestions do frequently occur during life without

leaving traces detectable after death, is certain ;
whilst the

occurrence of molecular changes, or other hypothetical

conditions which have been supposed to exist, have never

yet been shown to take place under any circumstances.

SPECIAL PATHOLOGY OP THE NERVOUS SYSTEM.

The special disorders of the nervous system may be clas-

sified into—1^, Cerebral; 2d, Spinal ;
3d, Cerebro-spinal ;

4th, Neural ;
and 5th

,
Neuro-spinal ;

according as the brain.
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spinal cord, or nerves are affected alone, or in combination.

Aberrations of intellect always depend on cerebral disturb-

ance, while perversions of motion and sensibility, if exten-

sive, indicate spinal, and if local, neural disorder. Thus,

insanity and apoplexy are cerebral ; tetanus and chorea,

spinal ; epilepsy and catalepsy are cerebro-spinal ;
neural-

gia and local paralysis are neural; and all combined spasms,

dependent on diastaltic or reflex actions, are neuro-spinal.

The following is an enumeration of nervous disorders, with

the meanings that ought to be attached to them.

Classification ofDiseases of Innervation.

I. Cerebral Disorders, in which the cerebral lobes {or

brainproper) are affected :

—

Insanity, or mental aberration in its various forms, includ-

ing delirium.

Headache and other uneasy sensations within the cranium,

such as lightness, heaviness, vertigo, &c. &c.

Afoplexy.—Sudden loss of consciousness and of voluntary

motion, commencing in the brain. The absence of

consciousness necessarily involves that of sensation. The
same condition as regards nervous phenomena exists in

syncope and asphyxia, but the first of these commences
in the heart, and the second in the lungs. Allied to

apoplexy is coma or stupor, arising from various causes

affecting the brain, such as pressure, or poisonous agents

like alcohol, chloroform, opium, See. & c.

Trance, or prolonged somnolence, either with or without

perversion of sensation or motion. To this state is allied

ecstasy
,
or unconsciousness with mental excitement.

Irregular Motions, Spasms, &c., originating in excited

or diminished voluntary power, as in certain cases of
dominant ideas, somnambulism

,
saltatory movements, tre-

Q
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mors, &c. ; or, on the other hand, incapability ofmovement

from langour, surprise, mental agitation, &c. &c.

II. Spinal Disorders, in which the cranial and vertebral

portions of the spinal cord are affected :

—

Spinal Irritation.—Pain in the spinal column, induced

or increased by pressure or percussion, often associated

with a variety of neuralgic, convulsive, spasmodic, or pa-

ralytic disorders affecting in different cases all the organs

and viscera of the body, and so giving rise to an endless

number of morbid states.

Tetanus.—Tonic contraction of the voluntary muscles.

Trismus, if confined to the muscles of the jaw
;

Opistho-

tonos, if affecting the muscles of the back, so as to draw

the body backwards ;
Emprosthotonos, if affecting the

muscles of the neck and abdomen, so as to draw the body

forwards ;
and Pleurosthotonos, if affecting the muscles

of the body laterally, so as to draw the body sideways.

Chorea—Irregular action of the voluntary muscles, when

stimulated by the will.

Hysteria.—Any kind of perverted nervous function, con-

nected with uterine derangement. Nothing can be more

vague than this term.

Hydrophobia.—Spasms of the muscles of the pharnyx and

chest, with difficulty in drinking and dread of fluids.

Spasms and Convulsions.—Tonic and clonic contractions

of the muscles of every kind and degree, not included in

the above, originating in the cord (centric spinal diseases

—Marshall Hall).

Hemiplegia—Paralysis of a lateral half of the body, gene-

rally dependent on disorders of the cranial portion of

the spinal cord above the decussation in the medulla

oblongata.

Paraplegia.—Paralysis on both sides of the body, generally



CLASSIFICATION OF NERVOUS DISORDERS. 235

the lower half, in consequence of disorder of the verte-

bral portion of the spinal cord, below the decussation in

the medulla oblongata.

III. Cerebro-Spinal Disorders, in which both cerebral

lobes and spinal cord are affected :

—

Epilepsy.—Loss of consciousness with spasms or convul-

sions occurring in paroxysms. Apoplexy with convulsion

or paralysis is also cerebro-spinal.

Catalepsy.—Loss of consciousness with peculiar rigidity

of muscles, so that when the body or a limb is placed in

any position it becomes fixed.

Eclampsia.—Tonic spasms with loss of consciousness in

infants. The acute epilepsy of some writers.

IV. Neural Disorders
,
in which the nerves are ajfccted

during their course or at their extremities :

—

Neuralgia.—Pain in the course of a nerve, although in

fact all kind of pain whatever is owing to irritation of the

nerves. Thus the sympathetic system of nerves and its

ganglia, though ordinarily giving rise to no sensation,

may occasionally do so, as in angina pectoris, colic, irri-

table testicle and uterus, and in other agonizing sensa-

tions, referred to various organs.

Irritation of the Nerves of Special Sense.—Of the

optic, causingflashes of light, ocular spectra, muscce voli-

tantes, &c. ; of the auditory, causing tinnitus aurium ; of

the olfactory, causing unusual sensitiveness to odour

;

and

of the gustatory, causing perverted tastes in the mouth.

Itching, formication, and other sensations referable to the

peripheral nerves, also belong to this class.

Irritation of Special Nerves of Motion, as in local

spasms of one or more muscles, or of the hollow viscera.

Local Paralysis.—Loss of motion or sensibility in a
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limited part of the body, or confined to a special sense,

as in lead palsy
,
or in amaurosis, cophosis, anosmia,

ageustia, and anceslhesia.

V. Neuro-Spinal Disorders, in which both the nerves and

spinal cord are affected :

—

Diastaltic ok Reflex Actions.—To this class belong

all those diseases depending on irritation of the extremity

of a sensitive nerve, acting through the cord and motor

nerves on the muscular system, and producing a variety

of spasmodic disorders, local or general, far too numerous

to mention,—which can only be understood by a thorough

knowledge of the physiology of the diastaltic or excito-

motory system of nerves.

All these disorders may be the result of structural dis-

ease of the nervous system, or of what is called functional

derangement, understanding by this a disease which, even

when it causes death, leaves no trace of altered structuie

detectable with the aid of the microscope. Thus, tetanic

rigidity may depend on a spinal arachnitis, as well as on

the irritation from a wound or poisoning by strychnine ;

and delirium and coma may be caused by cerebral menin-

gitis, as well as by moral insanity, starvation, or poisoning

by chloroform or opium. Whether in these cases there be

in fact only one cause common to the whole, it is difficult

to say ;
certainly it cannot be demonstrated. It might be

contended that in every instance there is a certain amount

of congestion producing unaccustomed pressure, or that a

peculiar state of nutrition of the part is momentarily pro-

duced here or there in the nervous mass. But as neither

theory appears to us applicable to all cases, we shall con-

sider the pathological causes ol nervous disorders as of four
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kinds,—1«£, Congestive ; 2d, Structural ; 3 d, Diastaltic ;

4th, Toxic.

1. Congestive Derangements of the Nervous System .

—

The peculiar nature of the circulation within the cranium

and vertebral canal has been previously pointed out, and

we have seen that, although well defended under ordinary

circumstances against any mischievous change, still, when

such change does occur, it operates in a peculiar manner.

In other words, so long as the bones are capable of resist-

ing atmospheric pressure, although the amount of fluid

within these cavities cannot change as a whole, yet the dis-

tribution of that amount may vary infinitely. Thus, by its

being accumulated sometimes in the arteries, at other

times in the veins, or now in one place and then in another,

unaccustomed pressure may be exercised on different parts

of the nervous centres. This, according to its amount, may
either irritate or suspend the functions of the parts ; a fact

proved by direct experiment, as well as by innumerable

instances where depression of bone has caused nervous

phenomena which have disappeared on removal of the ex-

citing cause. That congestion does frequently occur in

the brain and spinal cord there can be no doubt, although

it cannot always be demonstrated after death. The tonic

contraction of the arteries is alone sufficient to empty them
of their contents, and turgidity of the veins may or may not

remain according, to the symptoms immediately preceding

death, and the position in which the body is placed. But
it is observable that those causes which excite or dimin-

ish the action of the heart and general powers of the

body are at the same time those which induce nervous dis-

turbance, as well as occasion a change of circulation in

the cerebro-spinal centres—such as the emotions and pas-
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sions, plethora and anaemia, unaccustomed stimuli, uterine

derangement, &c.

It is only by this theory that we can understand how

such various results occasionally occur from apparently the

same cause, and again how what appear to be different

causes produce similar effects. Thus, violent anger, or an

unaccustomed stimulus may, in a healthy person, induce a

flushed countenance, increased action of the heart, a bound-

ing pulse, and sudden loss of consciousness. Again, fear

or exhaustion may occasion a pallid face, depressed or

scarcely perceptible heart action, feeble pulse, and also

loss of consciousness. In the first case, or coma, there is

an accumulation of blood in the arteries and aiteiial capil-

laries, and a corresponding compression of the veins ;
in the

second case, or syncope, there is distension of the veins

and venous capillaries, with proportionate diminution of the

calibre of the arteries. In either case, owing to the pecu-

liarity of the circulation within the cranium, pressure is ex-

erted on the brain. Hence syncope differs from coma only

in the extreme feebleness of the heart’s action, the cause,

producing loss of consciousness, sensation, and voluntary

motion, being the same in both. Indeed it is sometimes

difficult to distinguish these states from each other; and that

they have frequently been confounded, does not admit of

doubt.

In the same manner, partial congestion from either cause

may occur in one hemisphere, or part of a hemisphere, in

the brain, or in any particular portion or segment of the

spinal cord. The pressure so occasioned may irritate and

excite function, or may paralyse or suspend it ;
nay, it may

so operate as to suspend the function of one part of the

nervous system, while it exalts that of another. Thus all

the phenomena of epilepsy are eminently congestive, the

individual frequently enjoying the most perfect health in
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the intervals of the attack, although the effects are for the

time terrible, causing such pressure that, while the cerebral

functions are for the time annihilated, the spinal ones are

violently excited. In the same manner are explained all

the varied phenomena of hysteria and spinal irritation, for

inasmuch as the spinal cord furnishes, directly or indirectly,

nerves to every organ of the body, so congestion of this or

that portion of it may increase, pervert, or diminish the

functions of the nerves it gives off, and the organs which

they supply. Congestion, therefore, we conceive to be

the chief cause of functional nervous disorders originating

in the great cerebro-spinal centre.

2. Structural Derangements of the Nervous System .

—

The various parts of the nervous system, being furnished

with blood-vessels, are subject to most of the diseases of

nutrition. The brain and spinal cord are especially liable

to those lesions which produce effusion, extravasation,

exudation, morbid growths, and degenerations of texture.

The effects these occasion are identically the same in kind

as those caused by simple pressure, or from the other cir-

cumstances to be referred to. In their mode of onset,

however, they exhibit a difference. Thus, as a general

rule, haemorrhage is indicated by suddenness of attack,

acute exudations, by local pain, with fever, chronic exuda-

tions and tumours, by gradual perversion of the mental,

sensitive, and motor functions in various ways and degrees,

according to the part affected. Intelligence suffers in pro-

portion to the extent and nearness of the disease to the

hemispherical ganglion, and motion according as the cere-

bral and vertebral portions of the spinal cord are influenced.

Occasionally, after more or less impairment of intellect,

sudden paralysis appears ; a result attributable to the rup-

ture or deliquescence of tubes which have been already
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softened, but not sufficiently so to interrupt their power as

conductors of the nervous force. Instances, indeed, have

been recorded where complete destiuction of one half of

the brain, or of the whole thickness of the spinal cord, is

said to have occurred, in which no paralysis or other symptom

has been caused ;
but it is certain that numerous tubes in

such cases were intact during life, and capable of transmit-

ting impressions.

3. Diastallic or Reflex Derangements of the Nervous

System .—We have previously seen that recent researches

render it probable that the actions hitherto denominated

reflex are in fact direct ;
only that the impression which is

conveyed commences in the circumference of the body,

instead of in the nervous centres. There is every reason

to believe that such impressions pass through the cord by

means of conducting nerve fibres, which cross from one

side of that organ to the other, and that histology will yet

demonstrate that all these apparently confused actions are

dependent on the existence of certain uniform conducting

media. Indeed, already we can judge with tolerable exac-

titude from the effects, what are the particular nerves and

segments of the cord which are influenced during a variety

of actions; and notwithstanding the immense difficulties of

the inquiry, we have every hope that the period is not

distant when the diagnosis of many more reflex acts will

also be rendered certain. The principle involved in all

these acts is, that the irritation which produces them is to

be sought for in the nervous extremities rather than in

lesions of the centres; and the great importance of this

principle in pathology and in practice cannot be too highly

estimated, although, for the numerous details which illus-

trate it, we must refer to a previous part of this book, and

especially to the works of Dr Marshall Hall. W e would
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point to traumatic tetanus, and to the convulsions resulting

from teething and gastric derangements in children, as

good examples of diastaltic functional disorders. Numer-

ous symptoms which accompany organic changes belong

to the same category. In other words, the structuial

lesion constitutes the irritant, or cause, while the effect is

functional.
;

4. Toxic Derangements of the Nervous System.—The in-

fluence exercised by certain drugs is of a kind which causes

a close resemblance to various diseases of the nervous

system. These influences, if carried to excess, are toxic,

and dangerous to life ; if employed moderately, and with

caution, they constitute the basis of our therapeutic know-

ledge in a vast variety of diseases. Why one drug should

possess one power, and another a different one ;
or why

some should influence the brain, and others the spinal cord

or nerves, we are ignorant. Such facts are as much ulti-

mate facts in therapeutics as are the separate endowments

of contractility and sensibility in physiology. As patholo-

gical causes of functional disorders of the nervous system,

their power is undoubted. By their means the five classes

of nervous disorders may be occasioned in different

ways, producing altogether distinct and peculiar effects.

Thus— i

Toxic Cerebral Derangements are occasioned by opium

and most of the pure narcotics, which first excite and then

depress or destroy the mental faculties. According to

Flourens, opium acts on the cerebral lobes, while belladonna

operates on the corpora, quadrigemina. The first causes

contraction, and the last dilatation of the pupils. Tea and

coffee are pure excitors of the cerebral functions, and cause

sleeplessness. Alcoholic drinks, celher, chloroform, and

similar stimulants, first excite and then suspend the mental
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faculties, like opium. The modern practice of depriving

persons 'of consciousness, in order for a time to destroy

sensation, has been very much misunderstood in conse-

quence of such remedies having been erroneously and un-

scientifically denominated anaesthetics. The fact is, they

in no way influence local sensibility, or the sense of touch.

Their action is altogether cerebral ; and hence the danger

which has frequently attended their action.

Toxic Spmal Derangements.—Strychnine acts especially

as an excitor of the motor filaments of the spinal cord,

causing tonic muscular contractions, as in tetanus from

spinal arachnitis, or from the diastaltic action of a wound.

Woorari produces exactly an opposite effect, causing

paralysis and resolution of the same parts. Conium para-

lyses the motor and sensitive spinal nerves, producing

paraplegia, commencing at the feet, and creeping upwards.

Picrotoxine, according to Dr Mortimer Glover, causes the

animal to stagger backwards, as in the experiments of Ma-

gendie on the crura cerebelii.

Toxic Cerebro-Spinal Derangements.—Of these, the

poisonous effects of hydrocyanic acid offer a good example.

All the animals we have seen killed by this agent utter a

scream, lose their consciousness, and are convulsed. These

are the symptoms of epilepsy- Cold is at first an excitor

of the spinal functions, and is a strong stimulant to dia-

staltic activity, but if long continued, produces drowsiness

and stupor.

Toxic Neural and Neuro- Spinal Derangements are es-

pecially occasioned by the action of certain metallic poisons,

such as mercury
,
which occasions irregular muscular action,

with weakness; and lead, which causes numbness and

palsy, most common in tbe hands. On the other hand,

cantharides stimulates the contractions of the neck of the

urinary bladder, and secale Sornutum those of the pregnant
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uterus. Stramonium acts as a sedative to the nerves of

the bronchi ;
while aconite operates powerfully in paralysing

the action of the heart.

DISEASES OF REPRODUCTION.

These consist in the various alterations which may oc-

cur in the different stages of the generative functions, and

include,— Is/, Diseases which arrest or modify ovulation ;

2d, Diseases, nutritive or nervous, which impede fecunda-

tion, and occasion barrenness in the female, or impotence

in the male ; 3c?, Diseases of the embryo, causing vaiious

kinds of monsters, from arrest or excess of development in

one or more of its parts. This last subject is now generally

studied under the name of leratologij (repots, monster),
and

has in recent times become a very extensive one. Con-

genita] malformations of the foetus were formerly considered

as indicative of some misfortune,—as the effect of witch-

craft, or as offsprings of the evil spirit. They are now not

only recognised to originate in natural derangements of

embryonal development, but the laws which govern such

derangements have to a great extent been determined.

From these it has become evident that monstrosities are

not the result of chance, but are always regulated by altera-

tions in the known processes which regulate reproduction,

and the evolution of the ovum and its contents. Hence

in this, as in every other disordered condition, the real

source of the abnormality is to be sought for, not only in

the investigation of that condition itself, but in the know-

ledge, first, of the healthy or physiological state ; and

secondly, of the mariner in which it has become deranged.
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In all our inquiries, it must be apparent that disease is mor-

bid physiology
;
and such is the aspect in which we have en-

deavoured to place it before the reader.

ON DEATH.

Death is the permanent cessation of those properties and

functions which constitute life. In this wide sense, it must

be apparent that the textures are continually dying, in the

same manner that they are continually being generated.

What we have described as the fourth stage of nutrition

essentially consists in the removal of the particles of the

body which have been worn out,—fulfilled their functions,

and died. Thus, death is molecular, cellular, fibrous, or

tubular, in proportion as these various organic elements

become degenerated, and disappear to make way for others

which enjoy activity or life, and in their turn die, enter

into new chemical combinations, and are excreted like their

predecessors. In the more common acceptation of the

term, however, death may be considered as partial or

general. Partial death of the animal body is caused by

those diseases or injuries which produce mortification, and

ulceration in soft, and necrosis and caries in the hard parts,

to a greater or less extent. Of this we have already spoken,

and therefore need only treat of general death of the sys-

tem. This has been variously considered as natural or

unnatural

;

by the former meaning death from old age or

gradual decay, and by the latter, death from diseases or

violence. In this latter case, death may be gradual or sud-

den, and be induced by a great variety of agents. It may

be said, however, that all the modes of death are reducible

to three, viz-,— ls£, Death by syncope,—that is, beginning

at the heart ;
2 cl, Death by asphyxia, beginning at the

lungs ; and 3d, Death by coma, beginning at the brain.
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Death by Syncope.— All causes which arrest the action

of the heart occasion stoppage of the circulation ; a cir-

cumstance which interferes with the due performance of the

vital functions ; and death is the consequence. It may oc-

cur through the nervous system, through feebleness of the

muscular walls of the heart itself, or through loss of blood.

As examples of the first method of causing syncope, may

be cited concussion, or all sudden shocks to the system,

—

as from violent blows or injuries, extensive lesions, violent

mental emotions, a stroke of lightning, exposure to the sun

(or coup de soleil), and certain poisons which, acting espe-

cially on nerves going to the heart, paralyse its rhythmical

motions, as aconite, digitalis, &c. Syncope from feeble-

ness of the muscular walls is illustrated by the effects of

long-continued violent exertion, starvation, and disease of

its textures, especially that now recognised as fatty de-

generation, one of the most common causes of sudden

death. Lastly, excessive loss of blood, whether from direct

external injury to a large vessel, sudden bursting of an in-

ternal vascular tumour or aneurism, disease of the coats of

an artery or vein leading to sudden or to long-continued

loss of blood, are among the frequent causes of syncope.

Death by Asphyxia .—This is produced by all causes

which interrupt the act of respiration, or the access of oxy-

gen, so necessary for carrying on the nutritive functions,

and has been previously referred to. It is now ascertained

that mere obstruction of air does not immediately act upon

the heart, which not only continues to contract for a time,

but even sends venous blood through the arterial system.

From the numerous investigations which have been made

to determine in what manner the vital actions are arrested

in asphyxia, it would appear that at first non-aerated or

venous blood passes freely through the lungs to the heart,

from whence it goes to all parts of the system. It operates
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on the brain, however, as a poison, rapidly suspending the

sensorial functions. The capillaries of the lung next refuse

to transmit non-oxygenated blood, in consequence of which

it is not returned to the right side of the heart, and thus

the vital actions cease. These effects are produced with

greater or less rapidity, according as the occlusion of air is

more perfect, as in cases of drowning and strangulation.

In diseases of the heart and lungs, the same results are pro-

duced more slowly. The only poisons which operate upon

the lungs directly causing asphyxia are certain so-called poi-

sonous gases, such as carbonic acid gas, the fatal effects of

which, however, are not so much to be ascribed to any noxi-

ous properties it possesses, as to the absence of free oxygen.

Death by Coma .—This is caused by all circumstances

which suspend the sensorial functions by first operating on

the brain. We observe it produced from the long-continued

action of cold, from the influence of narcotic poisons, espe-

cially opium and chloroform, and from such injuries of the

brain, from without or within, as are not necessarily con-

nected with shock. If a violent blow be given to the head

of an animal, it may be observed to suffer from shock or

syncope
;
the heart flutters, and the pulse is weak. But

if it recover from this, the heart’s action may be restored,

whilst sensation is suspended, and it dies comatose. If

shock be avoided during the operation, the brain of an

animal may be removed, producing coma or stupefaction,

which will ultimately kill, although for some time the cir-

culation and respiration continue. In apoplexies, fevers,

and other diseases, similar effects are observable.

It should not be overlooked that death in many cases is

produced by a conjunction, or by the rapidly-following

results of two or all three of these modes. Thus chloro-

form may kill from the conjoined stupefying action on the

brain, as well as from difficulty ol respiration. Coma, from
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pressure on the brain, may, by influencing the medulla ob-

longata, affect the pneumo-gastric nerves, which send

branches to the heart and lungs. In this case, death is the

most rapid—occurring in all three ways. Hence the hu-

mane effort of the hangman not only to produce strangu-

lation, but by dislocation of the bones of the neck to crush

the upper part of the spinal cord.

The preceding observations evidently indicate that, in

our endeavours to produce recovery from either of these

states, much will depend upon the correct information we

derive as to the causes producing them. In syncope, our

efforts will be directed to restore the action of the heart by

stimuli, a proper position, checking haemorrhage, &c. ;
in

asphyxia, to reproduce respiration
;
and in coma, to remove

any cause which, by pressure on the brain from without or

within, interferes with its functions.

THE END.

PRINTED BY NEILL AND CO., EDINBURGH.
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BELL, (SIR CHARLES.) By Sir John M'Neill.

BIBLE and BIBLE SOCIETIES. By Rev. James Taylor, D.D.

BLACK SEA. By Lawrence Oliphant, Author of “ The

Russian Shores of the Black Sea.”

BLASTING. By Robert and Thomas Stevenson, Civil En-

gineers.

BOHEMIAN BRETHREN. By James Montgomery, Author

of “ Greenland and other Poems.”

BOLIVIA.

Babylon—Baptism—Bemouilli—Blind—Block-Machinery

—Blowpipe.

VOLUME V.

BOOKBINDING. By Charles Martel.

BOMBAY, BURMAH, Sec. By Edward Thornton, East In-

dia House.

BOOK-KEEPING. By Joseph Lowe.

BORNEO and BORNOU. Revised by Augustus Petermann,

F.R.G.S., &c.

|
BOTANY. By John Hutton Balfour, M.D., Professor of

Botany in the University of Edinburgh.

BRAHMINS. By James Browne, LL.D.

BRASS. By Charles Sylvester, C.E.

BRAZIL.

BREAKWATER. By Sir John Barrow, .Bart, Revised by

John Barrow, Admiralty.

BREWING. By James Stark, M.D., F.R.S.E.

BRICKMAKING. By Samuel Holmes, Liverpool.

BRIDGE. By Thomas Young, M.D., F.R.S.

BRITAIN. By James Browne, LL.D., with continuation.

BRUCKER. By Sir William Hamilton, Bart.

BUILDING. By William IIosking, Author of “Architecture.”

BUNYAN. By the Right Hon. Thomas Babington Macaulay.

BURMAH. By D. Buchanan and E. Thornton.



ENCYCLOPAEDIA BRITANNICA.—PRINCIPAL SUBJECTS.

VOLUME VI.

BISHOP BUTLER. By Henry Rogers, Author of the “ Eclipse

of Faith,” &c.

BURNING-GLASSES. By George Buchanan, F.R.S.E.

CALENDAR. By Thomas Galloway, F.R.S.

CALIFORNIA.*

CALVIN and CHANNING. By Rev. W. L. Alexander, D.D.

CAMPBELL, THOMAS. By W. E. Aytoun, Professor of Rhe-

toric and Belles Lettres in the University of Edinburgh.

CANADA. By J. B. Brown, Author of “ Views of Canada.”

CANARY ISLANDS. By J. Y. Johnson, Madeira.

CANNON. By Colonel Portlocii, Woolwich.

CAPILLARY ACTION. By James Ivory, F.R.S.

CARTHAGE. By James Browne, LL.D., and Dr Schmitz.

CARPENTRY and CHROMATICS. By Thomas Young, M.D.

CAVAN and CLARE. By Henry Senior.

CENTRE. By John Robison, late Professor of Natural Philo-

sophy in the University of Edinburgh.

CEYLON. By J. Capper, Ceylonese Commissioner to the Great

Exhibition of 1851.

CHALMERS,(THOMAS.) By Rev. William Hanna, LL.D.

CHEMISTRY. By William Gregory, late Professor of Che-

mistry in the University of Edinburgh.

CHESS. By James Donaldson.

CHILI. By C. B. Black.

CHINA. By Sir John Barrow.

CHIVALRY. By Sir Walter Scott, Bart.

CHLOROFORM. By J. Y. Simpson, M.D., Professor of Mid-

wifery in the University of Edinburgh.

CHRONOLOGY.

CIVIL LAW. By David Irving, LL.D.

CLIMATE. By Sir John Leslie.
10
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VOLUME VII.

CLOCK AND WATCH WORK. By Edmund Beckett

Denison, M.A., Q.C.

COHESION. By Thomas Young, M.D., F.R.S.

COINAGE. By Robert Mushet of the Royal Mint.

COLD and DEW. By Sir John Leslie, late Professor of Na-

tural Philosophy in the University of Edinburgh

COLLISION COMBINATION, CORN-LAWS, CORN-TRADE,

and COTTAGE SYSTEM. By J. R. M'Culloch.

COLLIERY. By William Alexander, Mining Engineer.

COLONY. By James Mill.

COLOUR-BLINDNESS. By George Wilson, M.D., F.R.S.E.

COMET By Thomas Galloavay’, F.R.S.

COMMUNISM and CORPORATION. By J. H. Burton.

CONIC SECTIONS. By William Wallace, LL.D., late Pro-

fessor of Mathematics in the University of Edinburgh.

CONSTRUCTION. By William Hosking, Author of “ Archi-

tectuie, _ „, T

CONSTANTINOPLE. By Edward Sang, late Professor of Me-

chanical Philosophy in the Imperial School, Constantinople.

COPPER SMELTING. By James Napier, Glasgow.

CORK. By Henry Senior.

COTTON MANUFACTURE. Revised by Thomas Bazley,

Chairman of the Chamber of Commerce, Manchester.

COWPER. By A. Smith, Author of “ A Life Drama,” &c.

CRIMEA. By James Laurie.

CRUSADES, CUVIER, DANTON, and DEFOE. By James

Browne, LL.D.

CRUSTACEA. By John Fleming, D.D., late Professor of Na-

tural Science, New College, Edinburgh.

CUNNINGHAM, DALRYMPLE, and DEMPSTER. By David

Irving, LL.D.

DAIRY. By John Wilson, Author of “ Agriculture.

DEAF and DUMB. By P. M. Roget, M.D., F.R.S.

DEMOSTHENES. By William Spalding, M.A., Professor of

Logic and Metaphysics in the University of St Andrews.

DENMARK. By Emeric Szabad, Author of the Article

“ Austria.”

DIALLING. By Henry Meikle, C.E.

Commerce—Constantinopolitan History—Copyright— Crys-

tallization—Deluge.

i
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ENCYCLOPAEDIA BRITANNICA, PRINCIPAL SUBJECTS.

VOLUME VIII.

DIPLOMACY and ENTAIL. By John Hill Burton.

DISTILLATION. By James Stark, M.D., F.R.S.E.

DIVING and DIVING BELL. By George Buchanan,
F.R.S.E.

DOCK and DOCK-YARD. By Sir John Barrow, Bart. Re-

vised by bis Son, John Barrow, Admiralty.

DOLLOND, DOLOMIEU, and DUHAMEL. By Thomas

Young, M.D, F.R.S.

DONEGAL, DOWN, and DUBLIN. By Henry Senior.

DRAINAGE of TOWNS. By W. Hosking, Author of « Archi-

tecture,” &c.

DRAINAGE of LANDS. By J. Wilson, Author of “ Agricul-

ture,” &'C.

DRAMA. By Sir Walter Scott, Bart.

DRAWING and ENGRAVING. By VV. H. Lizars.

DRY ROT. By Sir John Barrow, Bart.

DUMONT, LORD DUNCAN, &c. By James Browne, LL.D.

DUNBAR, (WILLIAM,) and ENGLISH LANGUAGE. By

David Irving, LL.D.

DYEING (Calico-Printing.) By F. Crace Calvert, Professor

of Chemstry, Royal Institution, Manchester.

DYNAMICS. By John Robison, late Professor of Natural

Philosophy in the University of Edinburgh.

ECONOMISTS. By James Mill.

EDINBURGH and EDINBURGHSHIRE.

EGYPT. By R. Stuart Poole, of the Department of Antiqui-

ties, British Museum.

ELECTRICITY. By Sir David Brewster, K.IL, M.A., D.C.L,

&c.

EMBANKMENT. By J. C. Loudon.

EMIGRATION. By J. R. M Cullocii, Author of “ Commer-

cial Dictionary,” &c.

ENGLAND. By James Browne, LL.D., with Continuation.

12



ENCYCLOPAEDIA BRITANNICA.—PRINCIPAL SUBJECTS.

VOLUME IX.

ENTOMOLOGY, FISHERIES, and EDWARD FORBES. By

James Wilson, F.R.S.E.

EPHRAEM SYRUS. By Rev. Henry Burgess, LL.D.

EPISCOPACY. By Rev. George Gleig, D.D.

ERASMUS and FEUDAL LAW. By David Irving, LL.D.

EQUATIONS. By James Ivory, F.R.S.

ETHNOLOGY. By R. G. Latham, M.A., M.D.

ETRUSCANS, EUGENE, FENELON, &c. By James Browne,

LL.D.

EUROPE. By Charles Maclaren, F.R.S.E. and James

Laurie.

EVIL. By Rev. W. L. Alexander, D.D.

EXAMINATIONS. By J. F. Maclennan.

EXCHANGE, EXCHEQUER BILLS, and EXCISE. By J. R.

M'Culloch.
EXTREME UNCTION, FATHERS, FEDERAL GOVERN-

MENT, &c. By Rev. J. Taylor, D.D.

FABLE and FALLACY. By William Spalding, A.M., Pro-

fessor of Logic in the University of St Andrews.

FALCONER, FARQUHAR, and FAIRFAX. By Robert Car -

RUTHERS.
FASHION. By Dr Doran, Author of “ Habits and Men,” &c.

FERMANAGH. By Henry Senior.

FEZZAN. Revised by Augustus Petermann.

FICHTE. By John Colquhoun, F.R.S.E.

FIFESHIRE and FORTH. By Thomas Barclay.

FIGURE of the EARTH. By Thomas Galloway, F.R.S.

FILTER. By George Buchanan, F.R.S.E.

FLINTSHIRE. By John Girdwood.

FLORIDA. By J. Smith Homans, New York.

FLUXIONS. By William Wallace, LL.D.

FONTANA, FOSTER, and FOURCROY. By Thomas Young,

M.D.

FOOD. By Thomas Lindley Kemp, M.D.

FORFAR. By James Cowie.

FORTIFICATION. By Colonel Portlock, Woolwich.

FOSTER. By J. E. Ryland, M.A.

FOX, C. J. By John Allen.

Exhibition—Fanaticism.



ENCYCLOPAEDIA BRITANNICA.—PRINCIPAL SUBJECTS.

VOLUME X.

FRANCE. By A. V. Kikwan, of the Middle Temple, Barrister

at Law.

FRANKLIN, (BENJAMIN.) By Alexander Nicholson.

FRANKLIN, Sir JOHN. By Sir John Richardson.

FUEL and GAS LIGHT. By Charles Tomlinson, Editor

of “ Cyclopaedia of Useful Arts,” &c.

FULLER, ANDREW. By J. E. Ryland, M.A.

FUNDING SYSTEM. By D. Ricardo, supplemented by J. L.

Ricardo, M.P.

FURNACE. By George Buchanan, F.R.S.E.

GALILEO. By James Browne, LL.D.

GALWAY. By Henry Senior.

GANGES. By Edward Thornton, India House.

GASSENDI and GIBBON. By Henry Rogers, Author of the

“ Eclipse of Faith,” &c.

GEOGRAPHY. By Rev. John Wallace, D.D.

GEOMETRY. By William Wallace, LL.D.

GEOMETRY, ANALYTICAL. By Rev. P. Kelland, M.A.,

Professor of Mathematics in the University of Edinburgh.

GERMANY. By W. Jacob. Revised by James Laurie.

GLACIER and FRESNEL. By J. D. Forbes, Professor of

Natural Philosophy in the University of Edinburgh.

GLASGOW. By John Strang, LL.D.

GLASS. By James Ballantyne.

GNOSTICISM. By John Tulloch, D.D., Primarius Professor

of Divinity, St Andrews.

GOETHE. By Thomas de Quincey.

GOLDSMITH. By the Right Hon. T. B. Macaulay.

CAPE of GOOD HOPE. By B. C. Pine, late Lieutenant-Go-

vernor of Natal.

GOTAidA BUDDHA. By Rev. R. Spence Hardy, lion.

M.R.A.S., Author of “ Eastern Monachism,” &c.

GOTHS. By Leonard Schmitz, LL.D.

GOVERNMENT. By P. E. Dove, Author of the “ History of

Human Progression,” &c.

GRAMMAR. By Bishop Gleig. Revised by W. Spalding,

Professor of Logio in the University of St Andrews.



ENCYCLOPEDIA BRITANNICA.—PRINCIPAL SUBJECTS.

VOLUME XI.

GRAY, HERRICK, and HOGG. By Robert Carruthers.
GREECE. By Charles Maclaren, F.R.S.E. Revised.

GREEK CHURCH. By W. M. HetheringtoX, D.D., LL.D.
GREGORY of NAZIANZUM. By JonN Tullocii, D.D.
GREGORY (Dr. JAMES). By W. P. Alison, M.D.
GUINEA and HOUSSA. By Augdstus Petermann, F.R.G.S.,

&e.

GUN-COTTON, GUNPOWDER, GUTTA PERCHA, and HAT-
MAKING. By Charles Tomlinson.

GUNMAKING. By P. E. Dove.
GUNNERY. By Colonel Portlock.
HALL (ROBERT). By Henry Rogers.
HARBOURS. By Thomas Stevenson, C.E.

HARE (C. J.) By W. L. Alexander, D.D.
HARVEY. By Thomas Laycock, M.D., Professor of the Prac-

tice of Physic in the University of Edinburgh.

HEAT. By T. S. Traill, M.D., Professor of Medical Juris-
prudence in the University of Edinburgh.

HELMINTHOLOGY. By James Wilson, F.R.S.E.
HEMP. By T. C. Archer, Author of “ Popular Economic

Botany,” &c.

HERALDRY. By T. W. King, York Herald, Herald’s College.
HEYNE. By Sir William Hamilton, Bart.

HIEROGLYPHICS. By R. S. Poole, M.R.S.L., &c.
HIMALAYA MOUNTAINS. By Joseph D. Hooker, M.D.,

r .R.S.

HINDUSTAN. Revised by Edward Thornton, India House.
HISTORY. By David Masson, M.A., Professor of English

Literature, University College.

HOLLAND. Revised by the Rev. James Ingram, M.A.
HOMER. By John S. Blackie, Professor of Greek in the

University of Edinburgh.

HOMEOPATHY. By W. T. Gairdner, M. D.
HOOD (THOMAS). By Richard Monckton Milnks.
HORACE. By Theodore Martin.
HORSE, HORSEMANSHIP, and HOUND. Revised by W

H. Langley, Editor of “Bell’s Life in London.”
HORTICULTURE. By Charles Macintosh, Author of the“ Book of the Garden.”

HOWARD (JOHN). By IIepworth Dixon.
HOUSEHOLD (ROYAL). By Samuel Redgrave.

15

c
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I

VOLUME XII.

HUME (DAVID). By Henry Rogers, Esq., Author of the

“ Eclipse of Faith,” &c. „ ,

HUNGARY. By Emeric Szabad, late Secretary under the

Hungarian National Government of 1849.

HUNTER (JOHN and WILLIAM), and JENNER. Ly

Thomas Laycock, M.D., Professor of the Practice of Medi-

cine in the University of Edinburgh.
t ,vm,v F-n

HUNTING. By Nimrod. Revised by W. H. Bangley, x._q.,

Editor of “ Bell’s Life in London.” -
HYDRODYNAMICS. By Sir David Brewster, K.H., LL.D.

HYPATIA, and IAMBLICHUS. By the Rev. Charles Kings-

t py Author of l< Westward Ho, &.c»

ICELAND? By Robert Allan, Esq. Revised by Robert

ICHTHYOLOGY.
**

By Sir John Richardson, K.B., &c.

ICHTHYOLOGY (FOSSIL). By T. S. Traill, M.D., Professor

of Medical Jurisprudence in the University of Edinburgh.

INSURANCE (LIFE). By W. T. Thomson, Esq., Manager of

the Standard Life Assurance Company. ...

INSURANCE (FIRE). By F. G. Smith, Esq., Secretary of

Scottish Union Fire and Life Insurance Company.

INSURANCE (MARINE). By John V arrack, E-q.

INTEREST. By J. R. M'Ctjlloch, Esq.
,

TONIAN ISLANDS. By William Blair, Esq., late Member

of the Supreme Council of Justice of the Ial“d
?,’

and

Author of “ Inquiry into Slavery amongst the

IRELAND (HISTORY). By Rev. E. Gro\ es. (Statistic.;

by Henry Senior, Esq.

IRON* BRID^ES^By^̂
er^tephenson, Esq., M.P., Pre-

o, English

Agriculture in 1850-51.

ITALY. By * * *

TAMAICA Ry Stephen Cave, Esq. „

Tati ant auti TAVA By John Crawfurd, Esq. F.R.S

,

“ ADescriptfve Dictionary of the Indian Islands.

JESUmSM By lSAAC Taylor, Esq., Author of the “ Natural

7^ E
tfwS

aS

’By fh

C

e' Rev. David Welsh, D.D., late

JEpT« ifSes-iastical History in the University of Edin-

JOHnIoN (sTmUEL), By the Right Hon. Thomas Babing-

JOINERV
CA
B?

A
Thomas Tredgold, Esq., C.E. Revised by

Arthur Asphitel, Esq. 16
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VOLUME XIII.

KAFRARIA. By Sir Benjamin Pine.

KANT. By the Rev. John Cairns, M.A.

KARS. Revised by Dr. Sandwith, K.B.

KNIGHTS, KNIGHTHOOD, LIVERY, and LORRAINE. By
Dr. Doran.

LABRADOR and LAPLAND. Revised by Augustus Petee-

mann, F.R.G.S., <fec.

LAGRANGE and LALANDE. By Thomas Young, M D.

LANGUAGE. Revised by R. G. Latham., M.A., M.D., &c.

LAW. By J. F. M'Lennan, M.A.
;
Advocate.

LAW OF NATIONS and LIBERTY OF THE PRESS. By
James Mill.

LEAD, LEATHER, and LIFE PRESERVERS. By Charees
Tomlinson.

LEPROSY. By J. Y. Simpson, M.D., Professor of Midwifery in

the University of Edinburgh.

LIBRARIES. By Edward Edwards, Free Library, Man-
chester.

LIGHT. By T. S. Traill, M.D., Professor of Medical Juris-

prudence in the University of Edinburgh.

LIGHTHOUSES. By Alan Stevenson, C.E.

LOCK. By E. B. Denison, M.A., Q.C.

LOGIC. By William Spalding, M.A., Professor of Logic and
Metaphysics in the University of St. Andrews.

LOMBARDS and LOMBARDY. By the Author of the Article
“ Italy.”

LONDON. By H. G. Reid.

LUTHER. By C. C. J. Bunsen, D.D., D.C.L., D. Ph., Ac.

MADAGASCAR. By the Rev. W. Ellis, Author of “Polynesian
Researches,” &c.

I

MADEIRA. By J. Y. Johnson, Author of a “Handbook for

Madeira.”
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VOLUME XIV.

MAGNETISM. Bv Sir David Brewster, K-IL, Ac.

MAMMALIA. By James Wilson, Author of the article '• En-

tomology.”

MANCHESTER. By Thomas Bazley, Chairman of the Cham-

ber of Commerce, Manchester.

MANUFACTURES. By J. R- M'Culloch,

MECHANICS. By W. J. M. Rankine, Professor of Civil

Engineering and Mechanics in the University of Glasgow.

MEDICAL JURISPRUDENCE. By T. S. Traill, M.D.,

Professor of Medical Jurisprudence in the University of Edin-

burgh.

MEDICINE. By Thomas Laycock, M.D., Professor of the

Practice of Physic in the University of Edinburgh.

MELBOURNE. By William Westgarth, Author of the

« Gold Fields of Australia,” etc.

MEMNON AND MEMPHIS. By R. S. Poole, Author of the

article “Egypt.”

MENSURATION. By William Swan, Lecturer on Mathe-

matics and Natural Philosophy.

MENTAL DISEASES. By David Skae, M.D., Physician to

the Royal Edinburgh Asylum.

METAPHYSICS. By Rev. H. L. Mansei.. Reader in Moral

and Metaphysical Philosopl.v, Magdalen College, Oxford,

and one of the Editors of Sir William Hamilton’s Works.

METEOROLOGY. By Sir John F W. Herschel, Bart, K.IL,

M.A., D.C.L., etc.

MEXICO.

MICROMETER. By Sir David Brewster, K. IL, etc.

MICROSCOPE. By Sir David Brewster, K. H., etc.

^
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VOLUME XV. .

MILAN, MODENA, AND NAPLES. By tlie Author of the

article “Italy.”

MILTON. By David. Masson, H.A., Professor of.. English

Literature, University College, London. . ...

MINERAL WATERS. By R. M. Glover, M.D., Author of-

“ The Mineral Waters of Great Britain and the Continetit.”'

MINERALOGICAL SCIENCE.

MINERALOGY. By James Nicol, Professox of Natural

History, Marischal College, Aberdeen.

GEOLOGY. By J. B. Jukes, Vice President of the Geolo-

gical Society of Dublin.

MINES AND MINING. .By J. R. Leifchild, Author of “Our

Coal Fields and our Coal Pits.”

MIRACLES. By Rev. Jamies Taylor, D.D.

MISSIONS. By William Brown, M.D.

MISSISSIPPI, MISSOURI, AND MOBILE. By J. B. D.

De Bow, Author of the “Industrial Resources, etc., of the

South and West.”

MOBILIER, CREDIT. By Walter Bageiiot.

MOHAMMEDANISM. By Rev. J. G. Cazenove.

MOLLUSCA. By Richard Owen, F.R.S.

MONARCHY. By Dr. Doran.

MONEY. By J. R. M'Culloch.

MONTREAL. By Hon. John Young.

MOORE (THOMAS). By R. Carruthers.

MORAL PHILOSOPHY. By W. L. Alexander, D.D.

MOSQUITO SHORE. By E. S. Squier, Author of “ Notes on

Central America.”

MOZART AND MUSIC. By G. F. Graham.

MUNICIPAL CORPORATIONS. By J. II. Barton.

NATAL. By Sir Benjamin Pine,

NATIONAL EDUCATION. By J. D. Morei.l, one of H. M.
Inspectors for Schools.
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VOLUME XVI.

NAVIGATION. By Rev. Joseph Woolley, LL.D., F.R.A.S.,

late Principal of the School of Mathematics and Naval Con-

struction at Portsmouth. _ ’ „ ,,

NAVIGATION, Inland. By David Stevenson, F.Ii.S.L.,

NA^ and NORWAY. By John Barrow, Author of “ Excur-

sions in the North of Europe,” Ac.
. _ .

NEANDER. By John Tulloch, D.D., Principal and Pnmariiis

Professor of Divinity, St. Mary’s College, St. Andrews.

NELSON. By James Browne, LL.D. -

NEPAUL. By Edward Thornton, Author of Gazetteer ot

India.”

NEUTRALITY. By J. R. M'Culloch.

NEWSPAPERS. By Edward Edwards, Author of the Article

(f Tiihrfl.rifts

NEWTON (Sir Isaac), and OPTICS. By Sir^yid Brewster.

NEW YORK. By Freeman Hunt, late Editoi ot Hunts

Merchants’ Magazine,” New York, U.S.

NEW ZEALAND. By Rev. VV. B. Boyce.
„

NICARAGUA. By E. G. Squier, Author of the Article Mos-

NIEBUHR. Bv Rev. Charles Merivale, B.D., Author ot a

« History of the Romans under the Empire,” &c.

NILE. By George Melly, Liverpool.

NINEVEH. By A. H. Layard.
17 r

NORTH-WESTERN PROVINCES OF INDIA. By E. B.

Eastwick, Professor of Hindustani and Telugd, East India

NUMISMATICS'!
bul

py R. S. Poole, Author of the Articles

“ Egypt” and “ Hieroglyphics.”

ODONTOLOGY and OKEN. By Richard 0wen, F R.S ._
i-

perintendent of the Departments of Natural History, Brit -

Museum. r

the University of Louisiana, and Superintendent of Unite

OILS^and
' oPIUM. By Professor T. C. Archer, Honorary

Director of the Museums of Natural History and Applied

Science, Liverpool Royal Institution.

ornithology" Gy James Wilson-, Author of the Artitlo

“ Mammalia.”
\



WORKS PUBLISHED BY A. AND C. BLACK.

In Two Volumes, medium 8vo, price £3, with a complete Index,

and upwards of 55-1 Illustrations,

KITTO’S CYCLOP/EDIA
OF

BIBLICAL LITERATURE.
Edited by the late JOHN KITTO, D.D.,

With the assistance of numerous able Scholars and Divines,

British, Continental, and American, whose Initials are affixed

to their respective Contributions.

On no work of this class has there ever been engaged the same

extensive and distinguished co-operation ;
nor has any publica-

tion of the kind ever appeared, either at home 01 abroad, contain

ng so large an amount of valuable original matter or forming so

able a digest of information, from every source, illustrating the

Sacred Writings. Besides Maps and Engravings on Steel, the

work contains 554 Engravings on Wood, representing Landscapes,

Building^ Monuments, Plants, Animals, Illustrations of Manners

and Customs, and whatever can be more clear y displayed by

pictorial than by written description, or by which the written text

may be in any degree elucidated.

Thefollowing branches ofKnowledge are comprised in the Work:—

1. BIBLICAL CRITICISM—Embracing the History of the Bible

Languages—the Canon of Scripture—Literary History mid

Peculiarities of the Sacred Books—Formation and History ot

the Texts of Scripture.

2. BIBLICAL INTERPRETATION—Comprehending the Prin-

ciples of Translating and Expounding Scripture— Critical

Estimate of the leading Interpreters and principal Versions,

Ancient and Modern.

3. HISTORY— Proper Names of Persons—Biographical Sketches

of the more prominent Characters— Detailed Accounts ol the

Principal Events recorded in Scripture—Chronology and

Genealogy of Scripture.

4. GEOGRAPHY—Names of Places—Description of Scenery—

Boundaries and Mutual Relations of the Countries mentioned

in Scripture, so far as necessary to illustrate the Sacred Text,

5. ARCHAEOLOGY—Manners and Customs of the Jews, and other

Nations mentioned in Scripture—their Sacred Institutions—

their Military Affairs—their Political Arrangements—their

Literary and Scientific Pursuits.

6. PHYSICAL SCIENCE— Scripture Cosmogony and Astronomy

Zoologj'—Mineralogy—Botany—Meteorology. 21



WORKS PUBLISHED BY A. AND C. BLACK.

Krtro’s Cyclopaedia— Continued.

LIST OF SOME OF THE CONTRIBUTORS.——
Eev. W. L. Alexander, D.D.

Rev. G. Baur, Ph.D. of the University of Giessen.

Rev. J. R. Beard, D.D., Member of the Historico-Theo-

logical Society of Leipzig.

G. M. Bell, Author of “ Universal Mechanism,” &c.

Rev. C. H. F. Bialloblotzky, Ph.D., Gottingen.

Rev. John Brown, D.D., Professor of Exegetical Theology to

the United Secession Church.

Rev. George Bush, Professor of Hebrew and Oriental Liter-

ature; in the University of New York.

Rev. James D. Butler, Abbot Resident, Theological Semi-

nary, Andover, United States.

K. A. Credner, Doctor and Professor of Theology in the

University of Giessen.

Rev. S. Davxdson, LL.D., late Professor of Biblical Literature

and Oriental Languages in the Independent College,

Manchester. . . .j.,.

Rev. Benjamin Davies, D.D.

Eev. J. F Denham, M.A., St. John’s College, Cambridge,

F.R.S.

Rev. J. W. Doran, LL.D., Association Secretary of the Church

Missionary Society.

Rev. John Eadie, LL.D., Professor of Biblical Literature to

the United Secession Church.

G. H. A. Von Ewald, Doctor and Professor of Theology in

the University of Tubingen.

Rev. F. W. Gotcii, M.A., Trinity College, Dublin.

H. A. C. Havernick, Doctor and Professor of Theology in the

University of Konigsberg.
00
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Kitto’s Cyclopaedia

—

Continued.

E. W. Hengstenbeiig, Doctor and Professor of Theology in

the University of Berlin.

Rev. J. Jacobi, of the University of Berlin.

Rev. B. Jamieson, M.A.

Bev. E. A. Lawrence, Haverhill, United States.

Bev. Bobert Lee, D.D., Professor of Biblical Criticism in the

University of Edinburgh;'

Frederick B. Lees, Ph.D., F.S.S. A., Editor of “ The Truth-

Seeker,” &c.

E. Michelson, Ph.D. of the University of Heidelberg.

Peter Meakns, Author of “ Tirosh,” &c.

Bev. N. Morren, M.A.

F. W. Newman, late Fellow of Balliol College, Oxford.

John Nicholson, B.A., Oxford, Ph.D., Tubingen.

W. A. Nicholson, M.D.

Bev. John Philips Potter, M.A., Oriel College, Oxford.

Bev. Baden Powell, M.A.', F.B.S., F.G.S., Savilian Professor

of Geometry in the University of Oxford!

J. F. Boyle, M.D., F.B.S., F.L.S., F.G.S., Professor ofMatcria

Medica and Therapeutics in King’s College, London.

J. E. R YLAND, Translator of ” NeandePs Church History.”

Lieut.-Colonel C. Hamilton Smith, K.H. and K.W., F.B.

and L.S.

Bev. J. Tye Smith, D.D., F.E.S., F.G.S.

Bev. H. Stebbing, D.D. of St. John’s College, Cambridge.

Bev. A. Tholuck, Doctor and Professor of Theology in tho

University of Halle.

Rev. David Welsh, D.D.

Rev. Leonard Woods, D.D., Professor of Theology in the

Andover Theological Seminary, United States.

Bev. William Wright, M.A. and LL.D. of Trinity College,

Dublin.
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Religious Works

—

Continued.

ii.

A TREATISE ON BIBLICAL CRITICISM. Exhibiting a
Systematic View of that Science. By Samuel Davidson,
D.D., Author of “ Ecclesiastical Polity,” &c. New Edition.

In One Volume 8vo, price 18s.

in.

A POPULAR DICTIONARY OF THE BIBLE. By John
Kitto, D.D., Author of the “ Cycloptedia of Biblical Litera-

ture,” &c. In One Volume 8vo, illustrated by 336 Engrav-
ings on Wood, price 10s. 6d.

iv.

DR. WARDLAW’S LIFE AND CORRESPONDENCE. By
W. L. Alexander, D.D. Second Edition. In One Volume,

demy 8vo, price 12s.

v.

RALPH WARDLAW’S SYSTEMATIC THEOLOGY. Edited

,
by the Rev. J. R. Campbell, M.A. Three vols. demy 8vo,

price 12s. each.

VI.

LIFE IN A RISEN SAVIOUR. Being Discourses on the Re-

surrection. By Robert S. Caxdlish, D. D. In crown Svo,

price 7s. 6d.

“ These Discourses are undoubtedly far superior to the general run of

sermons, in vigour of style, power of reasoning, and force, if it is not to be

culled felicity of illustration.”

—

Spectator.

VII.

THE HISTORY OF PALESTINE: From the Patriarchal Age
to the present time. By John Kitto, D.D., Author of

Popular Dictionary of the Bible, &c. Profusely Illustrated.

Crown 8vo, cloth plain, 6s.
;
or cloth, gilt edges, 6s. 6d.

VIII.

THE RELIGION OF THE HEART, as Exemplified in the

Life and Writings of John Rowdier, late of Lincoln's Inn,

Barrister-at-Law. Edited by Charles Bowdler. Pep.

8vo, price 5s.



WORKS BY THOMAS GUTHRIE, D.D.

I.

Twentieth Thousand, Crown 8vo, Price, 7s. 6d.

THE GOSPEL IN EZEKIEL.

ILLUSTRATED IN A SERIES OF DISCOURSES.

“ The theoloev of this admirable volume resembles the language in which

it is embodied; is the theology of the old school d^simpllo orcMe

"i .i.oofhrd in clouds of ingenious speculation, but Dealing in every page

M^imnress of the Nuw Testament. While the eloquence and poetry

m
™7nv. 'ou^Men^'soutli^of

*
he* Scottish Border, who do not know Dr.

Pnfhrip we s^ Procu?e this volume and read it, and you mU feel that you

have made the acquaintance of a man whom it were worth while to go some

ija^ppeared^s'^ce^th^ pubhration of Chalmers’ ‘ Astronomical

Discourses ’to be compared with tills inimitable volume of prose poems.

?t coS the finest specimen of pulpit literature the age has produced. -
British Messenger.

Fifteenth Thousand, Crown 8vo, Price 3s.

THE CITY, ITS SINS AND SORROWS.

A SEMES OF DISCOURSES FROM LUKE XIX. 41.

Thoueli as critics we might take exception to these Sermons, regarded

cimens of pulpit oratory that we have lately seen.

“ To cler°-v and laity alike we can very cordially recommend these ser-

mons on Citv^fe, as tending to elevate the mind, to enlarge the sympathies,

™ud to deepen the sense of responsibility, while the imagination is charmed,

and the time passes quickly away.”—The Times.

in.

12mo, Price 2s. 6d. a new edition of

BERRIDGE’S CHRISTIAN WORLD UNMASKED;
PRAY COME AND PEEP.

IV.

Fourth Thousand, Crown 8vo, Price Is.

CHRIST, AND CHRIST CRUCIFIED.

A SERMON ON OCCASION OF THE DEATH OF WILLIAM M. OUNN, LL.D.

V.

12mo, Sewed, Price Is.

WAIl ip SOME OF ITS SOCIAL, POLITICAL, AND RELIGIOUS ASPECTS.

VI.

THE STREET PREACHER:
Bein'* the Autobiography of Robert Flockliart, late Corporal 81st Regiment

° Cloth limp, price 2s. a



WORKS PUBLISHED BY A. AND C. BLACK.

MEDICAL AND SURGICAL WORKS.

ADDRESSES TO MEDICAL STUDENTS : Delivered at the

instance of the Edinburgh Medical Missionary Society, 1835-6.

By W. P. Alison, M.D., Emeritus Professor of the Practice

of Phj-sic in the University of Edinburgh ;
George AN ilson,

M.D., Professor of Technology in the University of Edin-

burgh
;
Andrew Wood, M.D., President of the Royal College

of Surgeons of Edinburgh; Benjamin Bell, E.R.C.S.E.

;

and John Coldstream, M.D. Fcap. 8vo. 3s. 6d.

n.

By Sir George Ballingall,

Late Professor of Military Surgery in the University of

Edinburgh,

OUTLINES OF MILITARY SURGERY. Fifth Edition,

illustrated. 8vo. 16s.

HI.

By John Hughes Bennett, M.D., F.R.S.E.,

Professor of the Institutes of Medicine, and of Clinical Medicine,

in the University of Edinburgh,

AN INTRODUCTION TO CLINICAL MEDICINE. Six

Lectures on the Method of Examining Patients, and the

Means Necessary for Arriving at an Exact Diagnosis. Third

Edition, with numerous illustrations. l2mo. 5s.

IV.

By the same Author,

CLINICAL LECTURES ON THE PRINCIPLES
AND PRACTICE OF MEDICINE. Demy 8vo. Illus-

trated. Price 28s.

v.

By Robert Christison, M.D.,

Professor of Materia Medico in the University of Edinburgh,

A TREATISE ON POISONS. In relation to Medical Juris-

prudence, Physiology, and the Practice Of Physic. Fourth

Edition, enlarged and improved. 8vo. 1 Os.



WORKS PUBLISHED BY A. AND C. BLA'CK.

Medical and Surgical Works

—

Continued.

VI.

By William Gregory,

Late Professor of Chemistry in the University of Edinburgh,

ELEMENTARY TREATISE ON CHEMISTRY. Illustrated.

Fcap. 8vo. 5s.

“ Tliis work will form a valuable text-book to instruct those commenc-

ing the study of the science, and to systematize the knowledge of

those who have made some progress in it, if not also to suggest neu

ideas to the advanced student.”—Aberdeen Journal.

By Thomas Layoock, M.D., F.R.S.E., F.R.C.P.,

Professor of the Practice of Medicine, and 'of Clinical Medicine,

in the University of Edinburgh,
1

&c. &c.

MEDICAL OBSERVATION AND RESEARCH.

“ We hail this work in the light of a great step towards a consistent

and complete philosophy of Medicine.’ —Journal of Psychological

Medicine.

“ Dr. Laycock’s work is calculated to advance the science of medicine

in these kingdoms, and to elevate its professors in public estimation.

Everv pace gives evidence of a thoughtful mind, well stored in the

theory of medicine, and, at the sometime, fully prepared to make

the best use of all practical medical resources.”—Ifedical Times and

Gazette.

‘i We can honestly recommend the study of it, not only to the 'junior

members of the profession, but also to that section of the public

which takes an interest in the progress of medical science; as emi-

nently calculated both to instruct and to suggest, to warn its readers

against wrong paths, and to open out new and promising routes to

the searcher after truth.”—Westminster Review.

u x work which should, without delay, become the object of their most

diligent perusal and study.”—The Veterinarian.

vin.

By James Miller, F.R.S.E.,

Professor of Surgery in the University of Edinburgh, &c. &c.

THE PRINCIPLES OF SURGERY. Third Edition, illus-

trated by 24,0 Wood Engravings. 16s. cloth.

“ An admirable epitome of the surgical science of the day. Being

written by a sound practical surgeon, accustomed to the public

teaching of his scicncc.it has that clearness of diction and arrange-

nient wliich renders it an excellent manual for the student ns well

ns that amount of scientific and practical information which makes

it a safe and valuable guide to the practitioner."—Lancet.



WORKS PUBLISHED BY A. AND C. BLACK.

Medical and Surgical Works

—

Continued.

By the same Author,

THE PRACTICE OF SURGERY. New Edition, illustrated by

227 Wood Engravings. 16s. cloth.

“ We haye no hesitation in stating, that the two volumes form together

a more complete text-hook of surgery than any one that has been
heretofore offered to the student.”—Northern Journal of Medicine.

X.

By Alexander Macaulay, M.D.,

A DICTIONARY OF MEDICINE, designed for Popular Use.

Containing an Account of Diseases and their Treatment, in-

cluding those more frequent in Warm Climates, with directions

for administering the various substances used as Medicines,

the Regulation of Regimen and Diet, and the management

of the Diseases of Women and Children. Fourteenth Edition.

8vo. 10s. Gd.

XL

By James Y. Simpson, M.D., F.R.S.E.,

Professor of Medicine and Midwifery in the University of

Edinburgh,

OBSTETRIC MEMOIRS AND CONTRIBUTIONS, including

those on Anaesthesia. Edited hv W. O. Priestley, M.D., and

H. R. Storer, M.D. 2 vols. 8vo. Profusely Illustrated.

36s.

“ Will he received as a valuable boon by the profession, and consulted

by all who are interested in the progress and advancement of Ob-

stetric science.”

—

Brit, and Foreign Med. Chirvrg. Review.

" The Author of these Memoirs takes rank as chef d’ecole. We enter-

tain no doubt that this work will he cordially welcomed by the pro-

fession at large or that they will contribute materially to spread

and confirm, at home and abroad, the high reputation of their dis-

tinguished Author.”

—

Lancet.

XII.

By Thomas A. Wise, M.D.,

ESSAY ON THE PATHOLOGY OF THE BLOOD, and

its containing Vessels. 3vo, 7s. Gd.
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WORKS PUBLISHED BY A. AND <5. BLACK.

ATLASES.

GENERAL ATLAS OF THE WORLD. Containing upwards

of Seventy Maps, engraved on Steel, in the first style of the

Art, by Hughes, Bartholomew, and others ;
with lntro-

• ductorv Chapters on the Geography and Statistics of the

different Countries in the World, and an Index of all the

Names occurring in the several Maps, amounting to 60,00 ,

with their Latitude and Longitude, and the number of the

Map in which they will be found. New Edition, with

numerous improvements and additions, strongly and elegant y

half-bound in morocco, with gilt leaves. £2 : T6s.

« Laree enough to be distinct, without being so large as to be uii-

wieldly • it has all that any one can require for general use, and all

that could be introduced, without making it too bulky or too ex-

pensive.”— Church of England Quarterly Review.

ATLAS OF NORTH AMERICA, with Maps of the various

Provinces, States, and Countries of that Continent, and Plans

of the City of New York, the Environs of Montreal, and

Panama Railway. Constructed from the most recent autho-

rities. By John Bartholomew, F.R.G.S.

PRINCIPAL CONTENTS.

No. I North America. II. British, Russian, and Danish

America—Polar Regions. III. Upper Canada. IV.

Lower Canada, New Brunswick. V. to XVIII. Sepa-

rate States and Territories of the United States.

XIX. Mexico, Central America, and West Indies.

XX. Steamer Routes and Oceanic Currents. With

descriptive Letterpress, and an Index of 21,000 Names.

Imperial Folio. 16s.

“ The peculiar value of this Atlas lies in its minuteness of detail.

Every county
,
road, and river is given for every State throughout,

the Union and in Canada as minutely, and we believe as accurately,

as if the subject were our own island. All the newest discoveries

and changes too are here embodied."—Economist-

,l An Allas of North America as complete ns any Englishman can

need."

—

Examiner. 20
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WORKS PUBLISHED BY A. AND C. BLACK.

Atlases— Continued.

hi.

HAND-ATLAS OF MODERN GEOGRAPHY. A Series of

Thirty-Eight Maps. By William Hughes, F.R.G.S.

;

and John Bartholomew. With a Complete Index of

Names. Quarto, half-bound, 21s.

;

lv '

-I

SCHOOL ATLAS OF MODERN GEOGRAPHY. New Edi-

tion. A Series of Thirty-Seven Maps, for Instruction in

Physical, Ancient, and Scripture Geography. With Index.

4to or 8vo, Cloth, 10s. Gd.

In- comprehensiveness, accuracy, finished execution, judicious adap-

tation to educational purposes, and moderateness of price, tins

Atlas stands quite alone.”

—

Ath'enieum.

" This is, without exception, one of the best Atlases we ever saw.

We commend this Atlas strongly.”—English Journal of Edu-
cation.

v.

SCHOOL ATLAS FOR BEGINNERS. New Edition. A
Series of Twenty-Seven Maps of the Principal Countries in

the World. Oblong 12mo or 18mo, 2s. 6d.

“ Deserves a wide circulation. The Maps by Mr. Bartholomew are

admirably executed. Compared with other Atlases of the same siie

and price which we have seen, tliis has decidedly the advantage'.”—

Atlieiueum. ,
.

VI.

ATLAS OF AUSTRALIA, with all the Gold Regions. A
Serie3 of Maps from tile latest and best authorities. Con-

tents:^-!. General Map or Australasia, New Zealand,

Polynesia, and Surrounding Islands. II. Australia —
Divided into Districts. III. New South Wales, Vic-

toria, and South Australia, showing the Different Gold

Deposits. IV. New South Wales—Divided into counties,

with all the Gold Deposits accurately laid down, and a plan

of Si dney. V. Victoria

—

Divided into Counties, with all the

Gold Districts accurately laid down, aud a plan of the Mount

Alexander Gold Region. VI. New Zealand, Van Die-

men's Land, and the settled portion of Western Australia,

comprehending Swan River and Australind. Quarto, cloth,

Cb. 30



WORKS PUBLISHED BY A. AND G. BLACK.

EDUCATIONAL WEEKS.

CLASS-BOOK OF ENGLISH POETRY. Comprising Ex-
tracts from the most distinguished Poets of the Country. By
Daniel Scrymgeour. Fifth Edition. 12mo, price 4s. 6d.
Also, to be had in Two Parts at 2s. Cd. each. Part I.— Con-
taining the Poets from Chaucer to Otway. Part II.—From
Prior to Tennyson.

ELEMENTARY GRAMMAR OF THE GREEK LANGUAGE.
By Dr. L. Schmitz, Rector of the High School of Edinburgh.
12mo, price 3s. 6d.

FIRST STEPS IN THE PHYSICAL AND CLASSICAL
GEOGRAPHY OF THE ANCIENT WORLD. Bv James
PillAns, Professor of Humanity in the University of Edin-
burgh. Third Edition. 12mo, price Is. 6d.

COLLECTION FOR SCHOOLS, from the Works of SIR
WALTER SCOTT. Seventh Edition. Roan, price 3s. 6d.
“ An invaluable book, exciting in the young a desire to read.”—Glasqow

Herald.

SCOTLAND. By Sir Walter Scott, Bart. From the Earliest
Period to the Close of the Rebellion, 1745-4G. Twentieth Edi-
tion. 2 vols., bound, price 10s.

SCOTLAND. By P. F. Tytler, Esq. Enlarged and Continued
to the Present Time, by the Rev. James Taylor, D.D., and
adapted to the Purposes of Tuition by Alex. Reid, LL.D.
Sixth Edition. 12mo, price 3s. 6d.

FRANCE. By Sir Walter Scott, Bart. New Edition. Illus-
trated. Fcap. 8vo, price 4s.

PALESTINE. By John Kitto, D.D. From the Patriarchal
Age to the Present Time

; containing Introductory Chapters on
the Geography and Natural History of the Country, and on
the Customs and Institutions of the Hebrews. Adapted to the
purposes of Tuition by Alexander Reid, LL.D. 12mo, price
3s. 6d.

;
or, with Map of Palestine, 4s.

MODERN HISTORY. By A. F. Tytler. late Professor of
Universal History in the University of Edinburgh. Fourth
Edition. 12mo, price 3s.

By the same Author,

ANCIENT HISTORY. Fourth Edition. 12mo, price 3s.
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WORKS PUBLISHED BY A. AND C. BLACK.

SIR WALTER SCOTT’S WORKS.

THE WAVERLEY NOVELS.
T T BR A RY EDITION. Illustrated by upwards of Two Hundred

Engravings on Steel, after Drawings by Turner, Landseer

Wilkie, Stanfield, Roberts, etc., including Portraits of the

historical Personages described in the Novels. Complete in

25 volumes demy octavo, elegantly bound in extra cloth,

price £13 : 2 : 6.

ABBOTSFORD EDITION. With One Hundred and Twenty

Engravings on Steel, and nearly Two Thousand on Wood.

In 12 vols. super royal 8vo, price £14 : 14s.

AUTHOR’S FAVOURITE EDITION. 48 vols. foolscap 8vo.

(96 Engravings), price £7 :4s.

CABINET EDITION. 25 vols. foolscap 8vo, (26 Illustrations),

price £3 : 13 : 6.

PEOPLE’S EDITION. 5 vols. royal 8vo, price £2 : 2s.

Separate Novels, People’s Edition, in beautifully illuminated

covers. Price Is. 6d. each, as follows

14. Fortunes or Nigel.

15. Pkvkb.il of the Peak.

16. Quentin Durward.

17. St. Ron ax’s Well.

18. Rkdgauntlet.

19. Betrothed and Highland

Widow.

20. The Talisman.

21. Woodstock.

22. Fair Maid of Perth.

23. Anne of Geierstein.

24. Count Robert of Paris.

25. Surgeon’s Daughter and

Castle Dangerous.

1. Waverley.

2. Guy Mannering.

3. Antiquary.

4. Rob Roy.

5. Old Mortality.

6. The Black Dwarf and

Legend of Montrose.

7. Heart of Mid-Lothian.

8. Bride of Lammermoor.

9. Ivanhoe.

10. Monastery.

11. Abbot.

12. Kenilworth.

13. Pirate.

Separate Kovels map also be hadfrom any ofthe other Editions.
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WORKS PUBLISHED BY A. AND C. BLACK.

MISCELLANEOUS PROSE WORKS.

CONSISTING OF

Talks of a Grandfather,
(History of Scotland).

Talks of a Grandfather,
(History of Trance).

Life of John Dryden.
Memoirs of Jonathan Swift.
Memoirs of Eminent Novel-

ists, &c.

Miscellaneous Criticisms, etc.

COMPLETE EDITIONS.

I. In Twenty- eight volumes Foolscap 8vo, with Fifty-six
Engravings from Turner. Price .£4 :4s; Separate volumes,
Ss.

II. In Three Volumes Royal 8vo. (People’s Edition). Bound
in cloth, price £1 : 6s. Separate volumes, I. and II., 10s.
each. III. (Tales of a Grandfather), price Gs.

Illustrated Edition of the TALES OF A GRANDFATHER—
(History of Scotland). With Six Engravings after
Turner, and upwards of Fifty on Wood. In Three volumes
Foolscap 8vo, cloth, 12s.

;
extra cloth, gilt edges, 15s.

(History of Franck). With Two Engravings from Turner,
and upwards of Fifty on Wood. One volume Foolscap 8vo
cloth, 4s.

;
extra cloth, gilt edges, 5s.

School Edition of the HISTORY OF SCOTLAND, with Map.
In Two volumes, Crown 8vo, bound, 10s.

LIFE OF NAPOLEON BONAPARTE. Five volumes Fools-
cap 8vo, Maps, Portrait, and Niue Engravings after Turner
Cloth, price £1.

Another Edition in larger type. Nine volumes foolscap 8vo, Maps
Portraits, and Engravings. Cloth, price £1 : 7s.

Paul’s Letters to his Kins-
folk.

Essays on Chivalry, Ro-
mance, and the Drama,
&c.

Provincial Antiquities of
Scotland.

LrFEOFNAPOLEON BoNAPARTH

:3



WORKS PUBLISHED BY A. AND C. BLACK.

POETICAL WORKS.
CONSISTING OF

First, The Metrical Romances,

—

The Lay of the Last

Minstrel ;
Marmion ;

The Lady of the Lake ;
Rokeisy ;

I he

Lord of the Isles; The Vision of Don Roderick; The

Bridal of Triermain; and Harold the Dauntless.

Second, Dramas, Songs, and Ballads.

Third, The Minstrelsy of the Scottish Border.

The following are the only Copyright Editions, with the

Author’s Last Notes and Improvements :
—

I In One portable foolscap volume, including all the Metrical

Romances (except the Bridal of Triermain and Harold), the

Principal Songs and Ballads, and several Illustrations.

Bound in cloth, gilt edges, price 5s. ;
or morocco antique,

10s.

II In One crown octavo volume (same contents as previous

edition), with numerous Engravings on Steel and Wood,

after J. M. W. Turner and John Gilbert. Bound in cloth,

gilt edges, 7s. 6d. ;
morocco antique, 14s.

Ill In Twelve volumes. Pcap. 8vo (24 Engravings), £1 : 16s.

This is the only edition which contains the Minstrelsy of the

Scottish Border.

IV. In Six volumes. Fcap. 8vo (12 Engravings), £1 : 4s.

V. In One volume. Royal 8vo (People’s Edition), 10s.

VI The Abbotsford Edition, printed on Tinted Paper, with

upwards of Sixty Illustrations on Steel and Wood, after

Turner, Gilbert, and Foster. Elegantly bound m extra

cloth, gilt edges, price ill : 11 : 6 ;
morocco, elegant

antique, £2 : 2s.

VTT Tourists’ Editions of The Lay of the Last Minstrel.
VIL

Marion, Lady of the Lake, Lord of the Isles,

Rokkby, and Bridal of Triermain, Is. 3d. each,

Is. 6d. cloth
;
or 2s. 6d. morocco, gilt edges.

VUI-

« beststvl’, « T.- »5: “J ?
bound in cloth, gilt edges, price

guilt or antique, £1 : 5s. ;
enamelled tartan board ,



WORKS TUBLISHED BY A. AND C. BLACK.

SELECTIONS
FROM

SIR WALTER SCOTT’S WORKS.

Belgium and Waterloo.
France and Paris.

Tales of Chivalry.
Romantic Narratives.
Characters of Eminent

The Highland Clans.

Scottish Scenes and Cha-
racters.

Narrative and Descriptive
Persons. Pieces.

Price Eigiiteenpence, or Two Shillings, Cloth.

BEAUTIES OF SIR WALTER SCOTT, being Selections

from his Writings and Life. One volume, Crown Octavo,

with Two Engravings. Cloth, gilt, 5s.
;
extra cloth, gilt sides

and edges, 6s.

The same volume hound as a School Book. Price 3s. 6d.

READINGS FOR THE YOUNG, from the Works of Sir

Walter Scott. In Three volumes, with Thirty-six Illus-

trations on Wood, price 2s. 6d. each; or bound in One volume,

cloth, gilt edges, 7s.

In Ten volumes Foolscap 8vo, uniform with the Author's

Favourite Edition of the Novels. Twenty Engravings on

Steel, nrice £1 : 10s.

In One vol. Royal 8vo, uniform with the Novels, People’s
Edition. With Portrait, price 10s.

The same, Large Paper, uniform with the Novels, AnnoTSFOun
Edition. With Eleven Engravings from Turner, Portraits,

&c., price 18s.

In One vol. Crown 8vo, with Twelve Engravings from Turner

and others. Price 7s. 6d.
;
extra cloth, gilt edges, 8s. (id.

LIFE OF SIR WALTER SCOTT,

By J. G. LOCKHART, Esq.

Three Editions as follows :

—

i.

ii.

hi.
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WORKS PUBLISHED BY A. AND C. BLACK.

BLACK’S GUIDE BOOKS
FOR

ENGLAND, SCOTLAND, AND IRELAND.
Illustrated by Maps, Charts, numerous Views of the Scenery, full particulars

regarding Hotels, Inns, Hates of Charges, Distances, and every informa-

tion likely to prove Useful or Instructive.

IN PORTABLEVOLUMES, STRONGLY BOUND IN CLOTH.
“ Wc have looked carefully through the volumes. They are admirably

f got up ;* the descriptions are accurate, and remarkably clear and compre-

hensive. We have seldom examined books belter * edited .... Mto-

gcther, this series ofworks is of immense value to Tourists.”

—

Art Journal.

“ They should find a comer in the portmanteau of every person about to

undertake a journey ofpleasure or business either in England and Wales, or

Scotland”—John Bull.

ENGLAND, Fourth Edition, Corrected throughout, and greatly

Enlarged, containing 198 Routes, and Illustrated by Twenty-seven ela-

borately constructed Maps and Charts, besides Views of the Scenery

;

an Alphabetical List of Places, Exhibitions, &c., in London,
,

wRh the

Mode of obtaining Admission ;
all the Hotels and Inns, Rates of Charges,

and a comprehensive General Index. Price 10s. 6d.

SCOTLAND, Thirteenth Edition, Greatly Improved, and Illus-

trated by One hundred and thirty-six Engravings, consisting of an

Accurate Travelling Map, Engraved Maps and Charts of Roads, Rail-

roads, and interesting Localities, Plans of the towns of Edinburgh, Gias-

SOW Perth, and Aberdeen, Views of the Scenery, after Montague Manley,

Cattermole, Leitcli, Thomson, J. M Richardson junior, Sir Thomas Dick

Lauder, &c.
;
and containing full information regarding the best Hot els,

Rates of Charges, Coach and Steamer Routes, Distances, mid other

matters affecting the Convenience of the Tourist. Price 8s. 6d.

IRELAND, Second Edition, embracing Descriptions of all the

Routes frequeuted hy Tourists, with full information regarding Hotels,

Inns (and the charges made hy each), Conveyances, Guides, and every

Topographical Information likely to prove useful. Illustrated by a Map

of Ireland, Chart of the Lakes of Killarney on a large scale, and Plans

of the principal towns. In a neat pocket volume, cloth limp, pnce 5s.

The work is divided into four sections, each of which may he had

separately at Is. 6il. each, hound in limp cloth.

I.—DUBLIN and tub WICKLOW IIL-THE fHAKKOSf.**D WEST.

MOUNTAINS IV.—BELFAST, GIANTS CAUSE-

II. KILLARNEY and the SOUTH. WAY, and tub NORTH.

ENGLISH LAKES, Eighth Edition, Enlarged and Improved,

Including an Essay on the Geology of the District, by John bilhps,

M.A. P.Ft.S., P.G.S., Deputy Rentier in Geology in the University of

Oxford and Memoranda for Botanists. With a minutely accurate Map,

bv W. Hughes ;
Charts of the Lakes, Twelve Outline A lews of Mountain

Groups and Views of the Scenery on Wood and Steel. Containing, also,
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an ample Itinerary of all the Routes, with the Distances accurately laid

down ail the best Hotels and Inns and a Complete Index. luce os.

(A. Cheap Edition of this is published, pnee Is. 6d.)

WALES-North and South, and Monmouthshire. Sixth Bdition.

Containing a hull Description of every Remarkable Place until Unity

five Illustrations, including Maps, Charts, and Views of Scenery; uith

all the Hotels and Inns, and a Copious Itmeiary. Place as.

WALES—North, with an excellent Travelling Map, and Illus-

trated by Maps, Charts, and Views of Sceuery. Price 3s. Gd.

DERBYSHIRE, including Matlock Bath, Chatsworth, Buxton,

Castleton, Dpvedule, and every other place of interest. With a Map of

the County and Plan of Chatsworth. Price

HAMPSHIRE AND DORSETSHIRE, including Descriptions

of the Isle of Wight, Winchester, Southampton Netley Abbey, Ports-

mouth, the New Forest, Weymouth, Dorchester, Poole, and every other

place of interest. With Map. Price 2s.

DEVONSHIRE AND CORNWALL, Exeter, Plymouth,

and Devonpout, Launceston, Truro, Land’s-End, and the Scilly

Islands. With Map. Price 2s.

WARWICKSHIRE, including Kenilworth, Stratford-on-

Avon, Birmingham, &c., with Map. Price 2s.

HIGHLANDS AND ISLANDS OF SCOTLAND, including

ORKNEY AND ZETLAND. Descriptive of their Scenery, Statistics,

Antiquities, and Natural History. Containing, also, Directions for visit-

ing the Lowlands of Scotland, with Maps, Views, Tables of Distances,

Notices of Inns, &c. &c. By George and Peter Anderson of Inverness.

Third Edition, carefully Revised, Enlarged, and Remodelled. Price

10s. 6d.

THE TROSACHS, LOCH KATRINE, LOCH LOMOND, and

Neighbourin'!’ Routes, including the Districts of Aberfoyle, Balqulndder,

Menteith, and Rob Roy’s Country, &c Sic.; with Map and Numerous

Illustrations. Price Is. 6d.

HIGHLANDS OF PERTHSHIRE, including Descriptions of

Perth and Environs—Dunkeld, Blair-Atholi, Kunmore, Loch Tay, Kilim,

Lochearnhead, Callander, and the Trosachs ;
with Map, Charts, and

numerous illustrations. Price Is. Gd.

HIGHLANDS OF ARGYLLSHIRE AND BUTE. Containing

a Description of Glasgow, Garclocb, Loch Long, Loch Goil, Bute, and

Arran, and all the principal places of interest and resort on the West

Coast’ of Scotland, the various Steamer and Coach Routes, &c. ;
with

Map. Price Is. 6d.

STAFFA, IONA, GLENCOE, AND CALEDONIAN CANAL,
including a Description of Oban and its vicinity ; with Map of Mull,

and a view of Fingal’s Cave. Price Is. 6d.
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GLASGOW and the West Coast. Including the Falls of the

Clyde, Bute, Arran. Staffa, Iona, and the Land of Burns; with

a Plan of Glasgow and other Charts, numerous Views of the Public

Buildings and neighbouring Scenery. Price 2s. 6d., or without Illustra-

tions, Is.

MOFFAT AND VICINITY, St. Mary’s Loch, the Grey
MAnp.’s Tail, Loch Skene, &c., and Hints to Anglers in the Rivers,

Streams, and Lochs in the Neighbourhood; with Map and Illustrations.

Price Is.

BLACK’S ROAD AND RAILWAY TRAVELLING MAPS.

Carefully constructed from the Maps of the Ordnance Survey and other

Authorities, and containing all the Roads, Railroads, Villages, Country

Seats, Fishing Streams, Rivers, Lakes, and Mountains, and every Topo-

graphical information required by the Tourist on pleasure or business,

lined with, or printed on, patent cloth, and neatly bound in portable cases.

ENGLAND AND WALES. 32 Inches by 22}. 4s. 6d. Do.

Smaller. Size 19 Inches by 15, 2s. 6d. Or uncoloured and unmounted, Is.

ENGLISH LAKE DISTRICT. 19 Inches by 14. 2s. 6d. Do.

Do. Do. Uncoloured and unmounted. Price 8d.

WALES (North and South). 14 Inches by 11}. Is. 6d. each.

SCOTLAND. 32 Inches by 22}. Price 4s. 6d. Do. Smaller.

Size 19 Inches by 15, 2s. 6d. Or uncoloured and unmounted, Is.

IRELAND. Size, 20 Inches by 14}. Price 2s. 6d.

ORDNANCE SURVEY MAPS OF SCOTLAND. So far as

published, including Counties of Edinburgh, Haddington, Fife, Kirkcud-

bright, Wigton, &c. Price 2s. 6d. and 5s. per Sheet. Index Maps may
he had.

COUNTIES OF SCOTLAND, in separate Maps, coloured, and

neatly hound in cloth cases. Price Is. each, as follows :

—

Edinburgh. Shetland Islands

Fife. Peebles.

Forfar. Pertln

Haddington. Renfrew.

Inverness. Ross and Cromarty.

Kincardine. Roxburgh.
Kinross (with Fife). Selkirk.

Kirkcudbright. Stirling.

Lanark. Sutherland.

Linlithgow. Western Islands.

Moray and Nairn. Wigton.

Orkney Islands.

TOURIST’S AND SPORTSMAN’S COMPANION TO THE
COUNTIES OF SCOTLAND. A Scries of Thirty-six Maps, shewing all

the Roads, Railways, Villages, Country Scats, Rivers and Lakes, Places

of Historical and Legendary Note; Memoranda of Battles, Heights of

Mountains, &c. &c. In aportablc volume, strongly bound, l’ncc 10s. Gd.

MEMENTO OF THE TROSACHS, LOCH KATRINE, AND
LOCH LOMOND. A Series of Twenty-seven Engravings, by Birket

Foster. Square 18mo. Price Is., and in Cloth, Is. 6d.

Aberdeen and Banff.

Argyle and Bute.

Ayr.
Banff (with Aberdeen).

Berwick.
Bute (with Argyle).

Caithness.

Clackmannan (Stirling).

Cromarty (with Ross).

Dumbarton.
Dumfries.
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WORKS ON GARDENING AND BOTANY.

THE COTTAGE GARDEN, By Robert Adamson. 12mc,
price 2s. Second Edition.

il.

NEILL’S FRUIT, FLOWER, AND KITCHEN GARDEN.
Fifth Edition, improved, with Additions, price 5s.

“ In Horticultural Literature, no book lias acquired a higher reputation
than the late Dr. Neill’s concise and popular treatise on Practical

Gardening. It is copiously illustrated
;
and no gardener, be he

amateur or professional, great or small, whether he grows pines or
only potatoes, should be without it.”

—

Morning Post.

in.

THE AMATEUR GARDENER’S YEAR BOOK ; A Guide for

those who cultivate their own Gardens in the Principles and
Practice of Horticulture. By the Rev. Henry Burgess,
LL.D. and Ph. D., &c. &c. Fcap. 8vo, price 5s., with illus-

trated Frontispiece and Title.

“ This is, beyond compare, the best work of its class that has come
under our notice. It is really popular.”

—

Critic.
“ Contains a great deal of valuable information in laying out gardens,

and keeping a suitable succession of flowering plants and shrubs.”—Allas.

IV.

OUTLINES OF BOTANY : Being- an Introduction to the Study
of the Structure, Functions, Classification, and Distribution
of Plants. With a Glossary and Copious Index. By John
Hutton Balfour, M.D., F.R.S.L. k E., F.L.S., Professor
of Botany in the University of Edinburgh. Fcap 8vo, 7s. 6d.,

illustrated by 595 Wood Engravings.

v.

CLASS-BOOK OF BOTANY: Being an Introduction to the
Study of the Vegetable Kingdom. By J. H. Balfour, M.D.,
F.R.S.L. k E., Regius Keeper of the Royal Botanic
Garden, Professor of Medieiue and Botany in the Univer-
sity of Edinburgh. In one large volume 8vo, with 1800 Illus-

trations, price 3ls. 6d.

The same may also be had in Two Parts.

Part I.—STRUCTURAL & MORPHOLOGICAL BOTANY,
8vo, 10s. 6d.

Part II.—COMPRISING THE ELEMENTS OF VEGE-
TABLE PHYSIOLOGY, CLASSIFICATION. BOTANI-
CAL GEOGRAPHY, AND FOSSIL BOTANY, WITH
A GLOSSARY OF TERMS. 8vo, 21s.
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ILLUSTRATED WORKS.

THE SHIPWRECK. By William Falconer, with
Life by Robert Carruthers, and Numerous Exquisite
Illustrations by Birket Foster and Noe! Humphreys. In small

4to, elegantly bound in cloth, gilt, price 12s. Gd.
;
morocco

extra, 21s.

THE GRAVE. By Robert Blair, with a Preface by
the Rev. F. W. Farrar, M.A., Fellow of Trinity College,

Cambridge, with Illustrations designed by Birket Foster,

John Tenniell, J. R. Clayton, James Goodwin, J. A. l’a-squier,

and Thomas Dalziel. In square 8vo, elegantly bound in

cloth, price 7s. 6d.
;
calf antique, red edges, 12s. 6d.

THE HORSE AND THE HOUND; their various

Uses and Treatment, by Nimrod, including Practical Instruc-

tions in Horsemanship and Hunting, etc. Third Edition, with

numerous Illustrations on Wood and Steel after Drawings bv
Herring, Aiken, and Harrison Weir. Crown 8vo, price 10s. Gd.

SIR WALTER SCOTT’S POETRY. One Volume
super royal 8vo, with upwards of Sixty Illustrations on Steel

and Wood, from designs by J. M. W. Turner, Birket Foster,

and John Gilbert. Cloth antique, gilt edges, price 31s. Gd.

;

morocco elegant or antique, 42s.

SIR WALTER SCOTT’S POETRY. One Volume,

crown 8vo, containing the principal Metrical Romances, Copy-

right Songs, and Ballads. With numerous Engravings on

Steel and Wood, after J. M. W. Turner and John Gilbert.

Cloth, gilt edges, price 7s. Gd.
;
morocco antique, 14s.

THE LADY OF THE LAKE. With Seventy Illus-

trations by Birket Foster and John Gilbert. Elegantly bound

in cloth, gilt edges, price 18s. ;
morocco elegant or antique, 25s.

Uniform, with the Lady ofthe Lake, and at the same Prices,

LAY OF THE LAST MINSTREL. 100 Illustrations.

LORD OF THE ISLES. 70 Illustrations.

MARMION. 80 Illustrations.
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MISCELLANEOUS WORKS-

CAIRD .—THE POOR LAW MANUAL FOR SCOT-

LAND. By Alexander M'Neei. Caird, Esq. Sixth Edi-
,

tion. Crown 8vo, 7s. 6d.

COCKBURN.—MEMORIALS OF HIS TIME. By
Henry Cockburn, late one of the Senators of the College of

Justice. With Portrait after Kaehurn. Demy 8vo, 14s.

“ This posthumous volume requires no introduction to the public at our

hands. Valuable as a contribution to the history of one part of the

kingdom during a portion of the last and of the present century,

sketched by a contemporaneous pen of great acuteness, felicity, and

humour, it has also taken its place as one of the pleasantest fireside

volumes which has been published of late years.”—Edinburgh Review.

By the same Author,

LIFE OF LORD JEFFREY, late one of the Sena-

tors of the College of Justice. Second Edition. 2 yols. 8vo,

25s.

CREUZE—k TREATISE ON THE THEORY AND
PRACTICE OF NAVAL ARCHITECTURE. By Augus-
tine F. B. Creuze. 4to, 12s.

DENISON. — CLOCKS AND LOCKS. From the

Eighth Edition of the “ Encyclopaedia Britannica.” Second

Edition, with a full account of the Great Clock at West-

minster. By Edmund Beckett Denison, M. A., Q.C. Illus-

trated. 12mo, 3s. 6d.

FARRAR .
—ERIC

;
or LITTLE by LITTLE. A Tale

of Roslyn School. By Frederic W. Faruar, Fellow of

Trinity College, Cambridge. Crown 8vo, price 6s. Cd.
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FORBES.—

A

REVIEW OF THE PROGRESS OF
MATHEMATICAL AND PHYSICAL SCIENCE in more

recent times, and particularly between the years 17; 5 and

1850 ;
being one of the Dissertations prefixed to the Eighth

Edition of the “Encyclopaedia Britannica.” By James D.

Forbes, D.C.L., F.R.S., Professor of Natural Philosophy in

he University of Edinburgh. 4to, 8s. 6d.

By the same Author,

NORWAY AND ITS GLACIERS. Followed by

Journals of Excursions in the High Alps of Dauphin*?, Berne,

and Savoy. Bv James D. Forbes, D.C.L., 1 .R.S., Sec. R.S.,

Edin.
;
Corresponding Member of the Institute of France, and

Professor of Natural Philosophy in the University of Edin-

burgh. With Two Maps, Ten Lithographic Views printed

in colours by Day and Son, and Twenty-two Wood Engrav-

ings. Royal 8vo, 21s.

By the same Author,

THE TOUR OF MONT BLANC AND OF
MONTE ROSA. Being a Personal Narrative, abridged

from the Author’s “ Travels in the Alps of Savoy,” Ac. Illus-

trated, 12mo, 5s.

“ j4n admirable edition, and ilte Map of the Mer de Glace most correct

and valuable ”

—

Albert Smith.

By the same Author,

OCCASIONAL PAPERS ON THE THEORY OF
GLACIERS. Now first Collected. 8vo, with Illustrations.

GRAHAM.—MUSICAL COMPOSITION: Its Theory

and Practice. With numerous Engravings and copious

Musical Illustrations interspersed with the text By G. F.

Graham, Author of the article Music in the “ Encvclopaidia

Britannica.” 4to, 9s.

JOHNSON. — MADEIRA, ITS CLIMATE AND
SCENERY : a Hand-Book for Invalid and other Visitors.

Bv Robert White. Second Edition. Edited by James

Yate Johnson, of the Middle Temple. W'ith Map, Crown

8vo, 7s. Gd.

“ The most complete and trustworthy Guide Book to Madeira yet pub.

lished.”—Litkhary Gazbttk.
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JUKES.-TIIK STUDENT’S MANUAL OF GEO-

LOGY By J. B. Jukes, M.A., F.R.S., Local Director of

the Geological Survey of Ireland, and Lecturer on Geology

to the Museum of Irish Industry. Crown 8vo, 8s. 6d.

“ Undoubtedly one of the most valuable aids to the P™cticajst,udy of

Geology that has appeared of laje years. —Mining Journal.

“ The whole idea of this
1 Manual ’ indicates great clearness of thought;

ânda°perusal lows us that the Author is not onlyperfecUy acquainted

with his subject
,
but that his soul is in the study of his science.

Athenjeum.

M'CULLOCH.—A TREATISE ON METALLIC AND
PAPER MONEY AND BANKS, written for the Encyclo-

pedia Britannica. By J. R. M'Culloch, Esq. 4to, 5s.

“ Bv modern students it will be found most concise and valuable, since

it brings the entire subject to its latest stage, and is characterised

by all the vigour and clearness of expression peculiar to the autlioi

of the Commercial Dictionary.”—The Times.

By the same Author,

TREATISES ON SUBJECTS CON NECED
- ECONOMICAL POLICY; with Biographical

" ' ‘ T- A 8VO, 14S.
WITH KGUJNUAllDJVL. rtmioi ,

Sketches of Quesnay, Smith, and Ricards.

NICOL.—ELEMENTS OF MINERALOGY ;
contain-

ing a General Introduction to the Science, with descriptions of

the Species. By James Nicol, F.G.S., Professor of Natural

History in Marischal College and University of Aberdeen.

12mo, 5s.

« We cannot say more in favour of Professor Nicol’s book than that it

nrofesses to"afford precisely the information which every practical

^an should possess
1

;
and tint it accomplishes as much as it pro-,

fesses.”

—

Mining Journal.

NIMROD. — THE HORSE AND THE HOUND

;

their various Uses and Treatment, including Practical In-

structions in Horsemanship and Hunting &c k J Nmrod

Cthe late Ciiakles James Appeulky, Esq.) I bird Ldition,

with Numerous Illustrations on Wood and Steel, after draw-

r„gsby
U

Herring, Aiken, and Harrison Weir. Crown 8vo,

10s. 6d.

i third edition of this valuable work has just been given to the public
A third edition

nractical instructions lu horsemanship and

7
lu

t 'L fe wh c , wme
P
originaUy contributed by its author, the

“harles J^me Apnerieylo the" Encyclopedia Britannica, con-

tains much
3

additional information, observations on the various sub-

4ft
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jeets treated on throughout the work being extended down to the
present date. No man was ever better acquainted with his subject
than Nimrod, and no one can peruse his pages without deriving
sound and practical instructions therefrom, for he wrote from lon»
experience; and in all matters pertaining to the horse and the liound°
and kindred subjects, as au authority, lie is unrivalled. Whatever
information, touching racing or hunting matters, may be required
by the novice, will be found in these pages; whilst even old and
experienced hands, who pride themselves on their knowledge of
horses and dogs, may add to the wisdom they have already acquired
by its perusal. In a word, to the sporting man it should’ be a vade
mecum, and the naturalist should possess it for its intrinsic worth
and deep research into the liistory of those valuable companions of
man, the horse and the dog. The book is beautifully illustrated
throughout

;
and in these days, when cheap and inferior editions of

works are so much in vogue, it stands forth as a perfect gem.”

—

Sunday Times.

POOLE.—THE GENESIS 01' THE EARTH AND
OF MAN : A Critical Examination of Passages in the
Hebrew and Greek Scriptures

; chiefly with a View to the
Solution of the Question—Whether the Varieties of the
Human Species be of more than One Origin. Edited by
Reginald Stuart Poole, M.R.S.L., &c. Crown 8vo, os.

RAMSA F.—THE GENTLE SHEPHERD. By Allan
Ramsay. New Edition, with numerous Illustrations after

David Allan. 12mo, 2s. 6d.
/

TJSSELL.—THE STEAM-ENGINE. By John Scott
Russell, M.A., F.R.S.E. Illustrated. Post 8vo, os.

By the same Author,

STEAM AND STEAM NAVIGATION. A
Treatise on the Nature, Properties, and Applications of Steam
and on Steam Navigation. Illustrated. Post Svo, 9s.

RUSSELL.—NORTH AMERICA; its Agriculture and
Climate : containing observations on the Agriculture and
Climate.of Canada, the United States, and the Island of Cuba.

By Robert Russell, Kilwbiss. With Coloured Map and
Plans. Demy 8vo, 14s.

“ A bonk of great practical value as well as much grasp of thought.”

—

National tteview.

“
I have read this work both with pleasure and advantage, and even-

one connected with agriculture must thank von for the treasures of

facts you have laid open and illustrated.”

—

Baron Liebig.
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SCR YMGEO UR.—THE POETRY AND POETS OF
BRITAIN. From Chaucer to Tennyson, with Biographical

Sketches, and a rapid View of the Characteristic Attributes

of each. Preceded by an Introductory Essay on the Origin

and Progress of English Poetical Literature. By Daniel
Scrymgeour. Post 8vo, 6s. cloth

;
6s. 6d. cloth, gilt edges.

SMITH.—THE WEALTH OF NATIONS. An In-

quiry into the Nature and Causes of the Wealth of Nations.

By Adam Smith, LL.D. Edited, and with Life of the

Author, by J. R. M'Cui.loch, Esq. Fourth Edition, cor-

rected throughout, and greatly enlarged. 8vo, 16s.

SPALDING.—AN INTRODUCTION TO LOGICAL
SCIENCE. By William Spalding, A.M., Professor of

Logic in the University of St. Andrews. 12mo, 4s. 6d.

“ Professor Spalding publishes, in a separate form, liis elaborate and

first-rate article on Logic from the Encyclopaedia Britannica. IVe

highly recommend this treatise to the more advanced student.”

—

Westminster Review.

STEVENSON.—CANAL AND RIVER ENGINEER-
ING. By David Stevenson, F.R.S.E., C.E., &c. Small
8vo, 4s. 6d.

“ The subject matter of the work before us is one of vast importance to

the interests of all cooiniercial communities ; to none perhaps more
than to the power and prosperity of the British Empire, cither at

home or in its vast colonies.''

—

The Civil Engineer and Archi-
tect’s Journal.

STEWART. — THE PRACTICAL ANGLER; or the

Art of Trout Fishing, more particularly applied to Clear
Water. By W. C. Stewart. Third Edition. 12mo, 3s. 6d.

“ A more piactical, sound, sensible, and unpretending look, we never
read, and vie recommend it without abatement or qualification.”

—

Saturday Review.

YOUNG.—THE ANGLER AND TOURIST’S GUIDE
to the Rivers, Lakes, and Remarkable Places in the Northern
Counties of Scotland. To which is added, Instructions to

young Anglers. By Andukw Young, Invershin, Suther-
landshire. 18mo, ‘2s.

“ This neat little pocket volume will be found invaluable to the Angler
who selects our two northernmost counties for the scene of his opera-
tions. Its author is widely known as a perfect master of the gentle

craft, and his lucid evidence before the Committees of both Houses of
Parliament on the Tweed Fisheries Bill, shewed that he had studied
his favourite question in all its aspects.”—Ca lkbonian Mercury.
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MAPS.

MAP OF EUROPE.
Size, 3 by 4 feet 4 inches. Scale, 80 miles to the inch.

Engraved from the most recent authorities, and coloured with
the greatest precision and accuracy. Accompanied by a Map of

the Telegraphic Lines and Fortresses of Europe, and Descriptive

Letterpress, exhibiting the Population, Revenues and Debts,

Naval and Military Resources, Territorial Extents, Religions of

the different Countries, &c. &c. Price 16s. in sheets, or 18s.

Mounted on Linen, in a handsome Portable Case, and 25s. on
Roller Varnished.

MAP OF AUSTRALIA, TASMANIA,
AND NEW ZEALAND.

This Map, taken from the British and French Government
Surveys, and other sources of recent and authentic information,

has undergone great alterations, and been increased by large and
important additions, kindly furnished to the Publishers by Wil-

liam Westgarth, Esq., Author of ‘‘The Gold Fields of Australia.”

It contains also, on an enlarged scale, the Colony of Victoria;

Mount Alexander Gold Region, and Plan of Sydney
;
Port Philip,

with Melbourne; Map of Norfolk Island, and a Sketch Map,
showing the Principal Commercial Routes. New Edition, price

18s. in sheets
;
21s. bound in cloth, 8vo or 4to

;
and 27s. on rollers

varnished.

“ This is a magnificent addition to geographical science, and

must spjiersede all other Maps having reference to the Australian

Colonies.”

—

North British Daily Mail.

“ It has been most carefully compiled from the British and

French official surveys, and other sources of the most recent date,

and altogether it is one of the most perfect specimens which we

have ever met with.”

—

Australian and New Zealand Gazette.

“ This is one of the most recent, authentic, and correct Maps,

embracing the whole of the Southern Colonies, we have yet seen.”

Shipping and Mercantile Gazette.

Size, 48-J by 39 inches.
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